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Abstract

We compute the 2- and 3-point functions of currents and primary fields of λ-deformed integrable 
σ -models characterized also by an integer k. Our results apply for any semisimple group G, for all values of 
the deformation parameter λ and up to order 1/k. We deduce the OPEs and equal-time commutators of all 
currents and primaries. We derive the currents’ Poisson brackets which assume Rajeev’s deformation of the 
canonical structure of the isotropic PCM, the underlying structure of the integrable λ-deformed σ -models. 
We also present analogous results in two limiting cases of special interest, namely for the non-Abelian 
T-dual of the PCM and for the pseudodual model.
© 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction and motivation

One of the most intriguing conjectures in modern theoretical physics is the AdS/CFT cor-
respondence [1] which, in its initial form, states the equivalence between type-IIB superstring 
theory on the AdS5 × S5 background and the maximally supersymmetric field theory in four 
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dimensions, i.e. N = 4 SYM. In recent years, a huge progress has been made in calculating 
physical observables employing both sides of the duality. These calculations managed to probe 
the strongly coupled regime of the gauge theory which is practically unaccessible by other means. 
The key feature that allowed this progress is integrability. N = 4 SYM from one side and the 
two-dimensional σ -model from the other, are believed to be integrable order by order in per-
turbation theory. It is clear that one way to construct generalizations of the original AdS/CFT 
scenario is to try to maintain the key property of integrability.

The aim of this work is to study the structure of a class of two-dimensional σ -models, the 
so-called λ-deformed models constructed in [2]. For isotropic couplings the deformation is in-
tegrable in the group case and in the symmetric and semi-symmetric coset cases [2–5] (for the 
su(2) group case integrability is preserved for anisotropic, albeit diagonal couplings [6]). They 
are also closely related [7–12] to the so-called η-deformed models for group and coset spaces 
introduced in [7,8] and in [13–15], respectively. This relation is via Poisson–Lie T-duality and an 
analytic continuation of coordinates and of the parameters of the σ -models [10–12]. There are 
also embeddings of the λ-deformed models as solutions of supergravity [16–18].

In particular, we shed light into the structure of the λ-deformed models by computing the 
two- and three-point functions of all currents and operators exactly in the deformation parameter 
and up to order 1/k. This work is based and further extends symmetry ideas and techniques 
originated in our previous work in [19]. The results of this work are summarized in section 7.

Our starting point is the WZW action

SWZW,k(g) = − k

4π

∫
d2σ Tr(g−1∂+gg−1∂−g) + k

24π

∫
B

Tr(g−1dg)3 , (1.1)

for a generic semisimple group G, with g ∈ G parametrized by Xμ, μ = 1, 2, . . . , dimG. We 
will use the representation matrices ta which obey the commutation relations [ta, tb] = fabctc
and are normalized as Tr(tatb) = δab . These matrices are taken to be Hermitian and therefore the 
Lie-algebra structure constants fabc are purely imaginary. The chiral and anti-chiral currents are 
defined as

J a+ = −i Tr(ta∂+gg−1) = Ra
μ∂+Xμ , J a− = −i Tr(tag

−1∂−g) = La
μ∂−Xμ . (1.2)

The left and right invariant forms La = La
μdXμ and Ra = Ra

μdXμ are related as

Ra = DabL
b , Dab = Tr(tagtbg

−1) . (1.3)

We are interested in the non-Abelian Thirring model action (for a general discussion, see 
[20,21]), namely the WZW two-dimensional conformal field theory (CFT) perturbed by a set of 
classically marginal operators which are bilinear in the currents

S = SWZW,k(g) + k

2π

dim G∑
a,b=1

λab

∫
d2σ J a+J b− , (1.4)

where the couplings are denoted by the constants λab. An action having the same global symme-
tries as (1.4), and to which reduces for small values of λab has been derived in [2] (see also [22]
for the SU(2) case), by gauging a common symmetry subgroup of an action involving the PCM 
model and the WZW actions. It reads [2]

Sk,λ(g) = SWZW,k(g) + k

2π

∫
d2σ J a+(λ−1 − DT )−1

ab J b− , (1.5)
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