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Abstract

The coupling of spin-3 gauge fields to three-dimensional Maxwell and AdS-Lorentz gravity theories is 
presented. After showing how the usual spin-3 extensions of the AdS and the Poincaré algebras in three 
dimensions can be obtained as expansions of sl (3,R) algebra, the procedure is generalized so as to define 
new higher-spin symmetries. Remarkably, the spin-3 extension of the Maxwell symmetry allows one to 
introduce a novel gravity model coupled to higher-spin topological matter with vanishing cosmological 
constant, which in turn corresponds to a flat limit of the AdS-Lorentz case. We extend our results to define 
two different families of higher-spin extensions of three-dimensional Einstein gravity.
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1. Introduction

Higher-spin (HS) fields have received renewed interest over the last years due to their ap-
pearance in the spectrum of string theory, as well as in simplified models of the AdS/CFT 
correspondence [1–4] (for more recent developments see [5–9]). The covariant analysis of free 
massless HS fields in four dimensions was described long ago by Fronsdal [10]. However, it was 
realized that in space–times of dimension greater than three, the coupling of HS fields to grav-
ity displays inconsistencies [11–18], particularly due to the non-invariance of the action under 
HS gauge transformations. Such obstructions restrict the analysis to gravity coupled to spin-3/2 
fields, which corresponds to supergravity. These no-go theorems were later surpassed by allow-
ing non-minimal couplings and non-local interactions within the framework of Vasiliev theory, 
which requires to relax the flat background condition and to introduce an infinite tower of mass-
less HS fields [19–22].

In three dimensions, on the other hand, a consistent coupling of massless HS fields to AdS

gravity can be described by means of a Chern–Simons (CS) action whose gauge group is given by 
two copies of SL (n,R) [23–25], where a finite number of interacting HS fields can be considered 
for finite n [26]. Even though the absence of local degrees of freedom, CS theories are known to 
possess a rich structure that makes them worth to be studied. In fact, similarly to what happens 
in the pure gravity case, the SL (n,R) × SL (n,R) CS theory has interesting solutions, such as 
HS black holes [27–34] and conical singularities [35,36]. Moreover, the asymptotic symmetry of 
the theory realizes two copies of the Wn algebra [26,37,38], which led to conjecture the duality 
between three-dimensional HS theories and a Wn minimal model CFT in a large-N limit [39,40]. 
Remarkably, the no-go results can even be avoided in locally flat three-dimensional spacetimes 
and the main aforementioned results can be generalized to the case of vanishing cosmological 
constant [41–46].

In the present paper we further generalize the coupling of spin-3 fields to gravity theories 
in three dimensions. With the aim of extending the previous results beyond the AdS and the 
Poincaré cases, we address the problem of constructing HS extensions of the Maxwell and 
AdS-Lorentz algebras and their generalizations, given by the Bm and the Cm algebras. The 
motivation to do this lies in the fact that these symmetries, have been of recent interest in the 
context of (super)gravity [47–61].

Initially, the Maxwell symmetry has been introduced in [47,48] to describe a Minkowski 
spacetime in presence of a constant electromagnetic field background. Later it was presented 
in [50] an alternative geometric scenario to introduce a generalized cosmological constant term. 
Further generalizations of the Maxwell algebras and their supersymmetric extensions have been 
then successfully developed by diverse authors in [62–67]. Recently, the Maxwell algebra and 
its generalizations Bm have been useful to recover General Relativity from CS and Born–Infeld 
gravity theories in an appropriate limit [68–72]. In particular, the Bm algebras can be obtained 
as a flat limit of the so-called Cm algebras. The latter have been used to relate diverse (pure) 
Lovelock gravity theories [73–76]. More recently, there has been a particular interest in the three-
dimensional Maxwell CS gravity theory [52,54]. In particular, it has been shown in [77] that the 
gravitational Maxwell field appearing on the Maxwell CS action modifies not only the vacuum of 
the theory but also its asymptotic sector. Furthermore, it has been pointed out that the asymptotic 
symmetries of the Maxwell and AdS-Lorentz gravity theories are given by an enlarged deforma-
tion of the bms3 algebra and three copies of the Virasoro algebra, respectively [77,78], making 
the study of their HS generalization even more appealing.


	Generalized Chern-Simons higher-spin gravity theories in three dimensions
	1 Introduction
	2 Review of SL( 3,R ) xSL( 3,R )  Chern-Simons gravity
	3 SL( 3,R) xSL( 3,R)  gravity from SL( 3,R) 
	3.1 Poincaré limit

	4 Coupling spin-3 ﬁelds to extended CS gravity
	4.1 Maxwell gravity coupled to spin-3 ﬁelds
	4.2 AdS-Lorentz gravity coupled to spin-3 ﬁelds

	5 Generalizations to Bm and Cm gravity theories
	5.1 Bm gravity coupled to spin-3 ﬁelds
	5.2 Cm gravity coupled to spin-3 ﬁelds

	6 Conclusions
	Acknowledgements
	References


