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Abstract

We present an intuitive diagrammatic representation of a new class of integrable o-models. It is shown
that to any given diagram corresponds an integrable theory that couples N WZW models with a certain
number of each of the following four fundamental integrable models, the PCM, the YB model, both based
on a group G, the isotropic o-model on the symmetric space G/H and the YB model on the symmetric
space G/H. To each vertex of a diagram we assign the matrix of one of the aforementioned fundamental
integrable theories. Any two vertices may be connected with a number of lines having an orientation and
carrying an integer level k; . Each of these lines is associated with an asymmetrically gauged WZW model at
an arbitrary level k; . Gauge invariance of the full action is translated to level conservation at the vertices. We
also show how to immediately read from the diagrams the corresponding o -model actions. The most generic
of these models depends on at least n2+1 parameters, where n is the total number of vertices/fundamental
integrable models. Finally, we discuss the case where the level conservation at the vertices is relaxed and
the case where the deformation matrix is not diagonal in the space of integrable models.
© 2021 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.
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1. Introduction

Integrability plays a pivotal role in obtaining exact results in quantum field theory (QFT).
One of the most studied examples in which integrability was greatly exploited is that of N' =4
SYM, the maximally supersymmetric gauge theory in four spacetime dimensions [1]. Employing
a variety of integrability-based techniques ranging from the asymptotic Bethe ansatz [2] and the
thermodynamic Bethe ansatz [3] to the Y-system [4], the planar anomalous dimensions of gauge
invariant operators was determined essentially for all values of the ’t Hooft coupling A = g%, uN.
Further developments on integrability and the AdS/CFT correspondence can be found in [5] and
references therein.

Integrable non-linear o -models play an instrumental role in the context of gauge/ gravity dual-
ities. This happens because, thanks to the duality, the strongly coupled dynamics of gauge theory
can be translated to the weakly coupled dynamics of an integrable two-dimensional non-linear
o-model. The prototypical example of such an integrable o-model is the principal chiral model
(PCM) based on a semi-simple group G, with or without a Wess-Zumino (WZ) term. In [6-8] it
was shown that the PCM based on a semi-simple group G admits an integrable deformation de-
pending on an additional continuous parameter. These integrable models are called Yang-Baxter
(YB) models and for the case of symmetric and semi-symmetric spaces they were studied in
[9-11]. There are also two parameter integrable deformations of the PCM. These are the YB o-
model with a WZWN term [12] and the bi-YB model [8]. Furthermore, integrable deformations
of the PCM with three or more parameters were studied in [13]. It is a remarkable fact that all
these models can be put under the unifying description of the so-called £-models [15,16].

Recently, the systematic construction of a large class of integrable two-dimensional field the-
ories based on group, symmetric and semi-symmetric spaces and having an explicit Lagrangian
formulation was deployed in a series of papers [17-24]. These models may contain several cou-
plings, for small values of which they take the form of one or more WZW models [25] perturbed
by current bi-linears. Following their construction, the quantum properties of these theories were
studied in great detail in [27-29,26,30,31]. In this context many observables of these theories,
including their B8-functions [34,35,30,32,36,37], anomalous dimensions of currents and primary
operators [27-29,38,39] and three-point correlators of currents and/or primary fields [27,39] were
computed as exact functions of the deformation parameters. Subsequently, the Zamolodchikov’s
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C-function [40] of these models were calculated also as exact functions of the deformation pa-
rameters [41,42].!

To get these exact results for the aforementioned observables a variety of complementary
methods were employed. One way [28,27,29] to obtain exact expressions for the anomalous
dimensions of currents and primary operators, as well as for the three-point correlators involving
currents and primaries was to combine low order perturbation theory around the conformal point
with certain non-perturbative symmetries [33,20,21,29] which these theories generically exhibit
in the space of couplings. Another method developed was based on the geometry in the space
of couplings [38]. This method makes no use of perturbation theory and allows, in principle, the
calculation of the anomalous dimensions of composite operators made from an arbitrary number
of currents. The essence of the method relies on the ability to construct the all-loop effective
action of these models [38]. Even more recently, yet another method for calculating exact results
in this class of models was initiated in [39]. The method consists of expanding the known all-
loop effective actions of the theories around the unit group element and keeping only a few
leading terms in the expansion. The advantage of this method is that one ends up performing
perturbative calculations around a free field theory and not around the conformal point, which
is a much easier task. In addition, all deformation effects are captured by the couplings of the
interaction vertices. Subsequently, the applicability of this method to the case of deformed coset
CFTs was demonstrated in [44].

Let us mention that the main virtue of the models constructed in [19-21] for deformations
based on current algebras and in [46] for deformations of coset CFTs, compared to the prototype
single A-deformed model of [17] (for the group SU (2) the A-deformed model was found earlier
in [47]) is that the RG flows of the former have a rich structure consisting of several fixed points,
with different CFTs sitting at different fixed points. It remains an open problem to fully classify
these CFTs according to their symmetry groups. In [48], this goal was achieved for a generali-
sation of the cyclic A-deformed models of [26] in which arbitrary different levels for the WZW
models were allowed.

In a parallel development, an interesting relation between A-deformations and n-deformations
for group and coset spaces was uncovered in [49,50], [51,15,14,53]. In particular, the A-deformed
models are related to the n-deformed models via Poisson-Lie T-duality” and appropriate analytic
continuations. Finally, D-branes regarded as boundary configurations preserving integrability
were introduced in the context of A-deformations in [54].

The plan of the paper is as follows. In section 2, we will construct the o-model actions of
a general class of integrable models that couple N WZW models with an arbitrary number of
the following four fundamental theories, that is n; different copies of the PCM, n, different
copies of the YB model, both based on a group G, n3 different copies of the isotropic o-model
on the symmetric coset space G/H and n4 different copies of the YB model on the symmetric
space G/ H . The coupling is achieved by gauging the left global symmetry of the aforementioned
fundamental integrable models and connecting them with asymmetrically gauged WZW models.
The latter depend on both the gauge fields of the fundamental integrable theories which they
connect. In this way, webs of integrable theories are obtained. We show that a diagrammatic

! These results although exact in the deformation parameters provide only the leading contribution in the 1/k-
expansion. More recently, the subleading terms in 1/k-expansion were obtained for the S-functions in [43,45] and for
the C-function and the anomalous dimensions of the operators perturbing the CFT in the cases of group and coset spaces
in [43].

2 Ppoisson-Lie T-duality has been introduced for group spaces in [55] and extended to coset spaces in [56].
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representation of these webs is possible. The virtue of this diagrammatic representation is that
one can, at the back of the envelope, draw any diagram and directly write down from it the
corresponding integrable theory. The model corresponding to a diagram in which all possible
kinds of lines and vertices are present depends on at least n% + 1 +n, + n4 parameters, where n is
the total number of vertices/fundamental integrable models. For small values of the deformation
parameters the o models obtained after integrating out the gauge fields are N couples WZW
models perturbed by current-current interaction terms of a specific form (see (2.19)).

In section 3, we will prove that the theories constructed in section 2 are indeed classically
integrable by finding the corresponding Lax pairs for n distinct combinations of the equations of
motion. The remaining N — n equations of motion take the form of covariantly free combina-
tions of currents. Each of these covariantly free equations give rise to an infinite tower of local
conserved charges which supplement the ones obtained from the Lax pairs, in the usual way. As
a result, one gets as many infinite towers of conserved charges as the degrees of freedom of the
theories which proves that our theories are integrable.

In section 4, we will consider two more general situations. In the first one we focus on the
case in which the deformation matrix is not diagonal in the space of the fundamental theories, in
distinction with the models of section 2. In the second, we examine the case in which, although
the deformation matrix is diagonal in the space of the fundamental theories, level conservation at
the vertices is relaxed. In both cases we were able to prove integrability only when all the defor-
mation matrices are proportional to the identity in the group space, that is when only when the
theories we couple are all of the PCM-type. Finally, in section 5 we will present our conclusions.

2. Coupling integrable theories

In this section we will construct the effective actions of our models and establish their dia-
grammatic representation. In section 3, we will derive the corresponding equations of motion
and prove that the theories presented in the present section are classically integrable.
2.1. Constructing the models and their diagrammatic representation

Our starting point is to consider the sum of n integrable models based on group elements g;,

i=1,2,...,n each of which has a left global symmetry g; — Al._1 gi, which will be eventually
gauged. Thus, we start from the action

~ 1 a1 - -
Sk (&) =—— / d*o (37 '0+8) Eff (37'0-8)), . Eff =8,E" @.1)
where the indices i, j = 1, 2, ..., n enumerate the different integrable models while the indices
a,b=1,2,...,dim(G) denote group indices. Furthermore, although in most of this paper we

will assume that the matrix E;; ~ §;; in all algebraic manipulations we will keep its most general
non-diagonal in the space of models form, in anticipation of the analysis of section 4.1. The
integrable models appearing in (2.1) will be the basic building blocks of our construction and
will be called the fundamental integrable models. In the sum (2.1) there can be n; different
copies of the PCM, n; different copies of the YB model both based on the same semi-simple
group G, n3 different copies of the isotropic o-model on the symmetric coset space G/H and n4
different copies of the YB model on the symmetric space G/H, withn| +ny +n3 +n4 =n.

The corresponding E; matrices acquire the following forms, namely Elf‘b = E; 8 for the PCM,

E; = %(1 —n;R;)~! for the YB, E?> = diag(Eig/hS“b, 0p,) for the isotropic symmetric space

4
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G/H and E; = diag(%(l — niRi)_l|g/h, 0p) for the YB on the symmetric space G/H. In the
last case R; is an antisymmetric matrix of dimension dim(G) — dim(H) which one can think
of as being the projection to the coset G/H of an R-matrix obeying the modified Yang-Baxter
equation [51].% In addition, R; should be such that it obeys the condition (3.13). At this point
let us mention that the constraint (3.13) is a stringent one. In fact, there are cases where the
constraint is satisfied. These include the S[%z)) coset space [51], as well as o-models on C P"
with n > 1 [52]. However, at the level of the classical o-model one of the deformation parameters
can be eliminated by a suitable redefinition of the parameters. For the case of the o-models on
C P" [52], this redefinition is given by equation (3.11) (see also the discussion following equation
(4.10), as well as point 3 on page 3 of the same work).* Therefore, it remains to be seen if there
are any non-trivial examples based on this type of deformation.’

The question we would like to answer in this section is the following. Is it possible to connect
the aforementioned fundamental integrable models appearing in (2.1) in such a way that the
resulting o -model is also integrable? The answer to this question is affirmative. The first step to
achieve this goal is to gauge the left global symmetry of (2.1) mentioned above. As a result the
action (2.1) becomes

1 o~
S, (@ AY) = —— f @o (&' Dr&i) B (&' D-g)),,  Ef=8E" Q2

where the covariant derivatives are defined as Di 8i=(0x— Ag_f)) gi. The second step is realised
by connecting the gauged models in (2.2) with asymmetrically gauged WZW models at arbitrary
integer levels. To be more precise consider the asymmetrically gauged WZW model [57]

Uij)

(tij) ) i fdza Tr(Ao)J(lm AmJ(lu)
T

{ij)
S <1,,>(g A APy =s (/,,)(g !

Y (2.3)
+ A A (g) ! %A@AS?—%A(_")ASP),
where we have defined the currents®
1) =y =g (e ) I = = (a) g @

(lj)

and where S (1, 0 (g; ]’ ) is the WZW model at level k . The notation in (2.3) and (2.4) should

be self—explanatory The asymmetrically gauged WZW functional depends on the group element
gl( i) and connects the fundamental integrable model at site i to that at site j since it depends
also on A” and A(j ). The corresponding WZW level is denoted by k bi) . The superscript [;;
counts how many dlfferent gauged WZW models connecting site i to 51te Jj one has. In the case
where there is just one such model the superscript /;; is superfluous and can be omitted (see, for
example, Fig. 3). Furthermore, due to the asymmetry of the gauging one can assign a direction to

the WZW model, and as a consequence to the flow of the level ki(]l."j ), which we choose to be from

3 For the YB theories the group indices a, b have been suppressed in the corresponding expressions for E;.

4 The arguments of [52] also apply to our case since the two-parameter deformed models presented in [52] are related
to the two-parameter A-deformed models through a Poisson-Lie T-duality and an analytic continuation.

5 We thank K. Siampos for useful discussions on this point.

6 Regarding the WZW action and the Polyakov -Wiegmann identity we follow the conventions of [18,19].
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the site i to the site j. Notice that k ) is generically different from k;lij 2 due to the asymmetry

mentioned above, the former connects sites i and j having direction from i to j while the latter
connects the same sites but with opposite direction. An important comment is in order. In the
case where i = j (2.3) becomes the usual vectorially gauged WZW model at level k(l”

The group elements of the asymmetrically gauged WZW models have the followmg trans-
formations g, 4y) A_lg(l” )A Needless to say that as it stands the action (2.3) is not gauge

invariant. Its Varlatlon under the infinitesimal form of the gauge transformations
ij) i) i) i i
8g;;" =8 j—ulg,j’ o 0AY = —dsu + 1AL i), 25)
8AY) = —bqu; +1AY uj1,

is given by
ij) i j
8S K% (g”’ AD APy =

ku,,) 2.6)

- /dzo Te[(AY 0 u; — AV8,u;) — (AY 0 u; — AV8,u))] .

Notice that in the special case where i = j, §S (1,,) (g(l”) AY Ai)) =0

Consider now the complete action

S, = Sk, (gz,Ai)JrZZS <1,,>(g

ij lij

0. a0 A, @.7)

The variation of this action under the transformations (2.5) is given by
(ll/)
58S, = ZZ by /dza Te[(AY0_u; — ADdu;) — AV 0_u; — AV 9,up]. (2.8)
lij

By exchanging i < j in the second parenthesis of (2.8) and by gathering identical terms we
deduce that

85, =0 k" =3k vi (2.9)
Js lt/ Js ljl

In the spirit of the discussion below (2.4) this relation can be interpreted as level conservation at
each site i.” We have, thus, seen that gauge invariance of the action is equivalent to the require-
ment that the sum of levels that flows towards any site should be equal to the sum of levels that
flows away from it. In passing, let us mention that the relation (2.9) implies that the action (2.7)
is not invariant only under the infinitesimal gauge transformations (2.5) but also under the finite
version of the gauge transformations.

At this point it would be useful to define the following quantities

k=YK, =3 K v (2.10)

]ltj ./l]l

7 Here, by level conservation, we mean that the sum of the levels of the WZW models pointing to a specific vertex is
equal to the sum of the levels pointing away from it. We will be using this jargon and hope that this abuse of language
will not confuse the reader.
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Fig. 1. Diagram of an integrable web connecting any two of the fundamental theories through four asymmetrically and
four anomaly free gauged WZW models. The two fundamental theories are sitting at the two vertices. There are four
different kinds of vertices corresponding to the four fundamental theories, the PCM, the YB model, the isotropic o-
model on the symmetric space G/H and the YB model on the symmetric space G/H . The directed lines (blue lines with
red arrows) connecting the vertices are associated with WZW models at arbitrary levels subject to the condition that level
conservation at each vertex is imposed. The diagram corresponds to an integrable theory with action of the form (2.11)
and (2.16). (For interpretation of the colours in the figure(s), the reader is referred to the web version of this article.)

One may now fix the gauge by choosing g; = 1 for i = 1,2, ..., n. Alternatively, one could
have chosen to set to the unit element one or more of the group elements g[.(j.ij ) appearing in
the WZW models leaving, as a result, some of the g; intact, that is leaving them as dynamical
degrees of freedom. Notice that this is possible due to the fact that most of the WZW models
are asymmetrically gauged. We have not checked explicitly but most probably, and up to global
issues, this second choice should be related to the first one by a coordinate transformation, as
it happens in the case of non-abelian T-duality. After the gauge fixing one ends up with the
following action

1
ngZ——/dzO' (l) ()Lfl)db A(/

T

k(lij)
i ij i) Ui i) Ui i) i) 4 Gy iy —1
ZZ (S <t,,>(g( 4 L/[ﬂg Tr(A(i)J_f_i’j) _Agrj)‘liijj) +A(l)gi(jj)A(+j)(gi(jj)) ))
i,j i T
2.11)

where
| .
Whe = 5 ki + ki) 8ij 8 + EfP =85 07 H, since E{f =8;;E". (2.12)

We are now in position to present a diagrammatic representation of the action (2.11). Namely,
e With every action functional of the form (2.11) we associate a certain diagram (see, for exam-
ple, Fig. 1, Fig. 2 and Fig. 3 for the integrable webs connecting two, three and four fundamental
integrable theories, respectively).
e To each vertex of a diagram we assign the matrix ki_l of one of the fundamental integrable theo-
ries. These vertices represent the first line of (2.11). The number of vertices n =n| +ny +n3+ng
is equal to the number of the fundamental integrable theories, that is n different copies of the
PCM, n, different copies of the YB model,® both based on a group G, n3 different copies of the
symmetric coset space G/H and ny4 different copies of the YB model on the symmetric space
G/H.

8 Each of the YB models can have different parameters and different R matrices obeying the modified YB equation.
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Fig. 2. An example of an integrable web coupling any three of the fundamental theories through seven asymmetrically
and three vectorially gauged WZW models. The three fundamental theories are sitting at the three vertices. The lines
with orientation (blue lines with red arrows) connecting the vertices are associated with WZW models at arbitrary levels
subject to the condition that level conservation at each vertex is imposed. The diagram corresponds to an integrable
theory.

e To each line with orientation connecting two vertices i and j we assign one of the asymmet-
rically gauged WZW models in the second line of (2.11). The directed line is characterised by

;ji'/ ) of the WZW model with the flow of the level being
from i to j.” There can be more than one lines with the same direction connecting the vertex i to
the vertex j. The superscript /;; counts how many different lines connecting 7 and j and having
direction from i towards j the diagram has.

e One may also have tadpole-like lines connecting the vertex i to itself (see Figs. 1 and 2). In this
case the corresponding WZW model is gauged in the usual anomaly free way.

o Finally, as mentioned above, gauge invariance of the action, before fixing the gauge of course,
is equivalent to level conservation at each vertex. This fact imposes n — 1 constraints on the levels
circulating in the diagram, namely that ki = k;, Vi.Notice that if one imposes level conservation
to n — 1 vertices then level conservation of the remaining vertex is automatically satisfied.

Let us now comment on Figs. 1, 2 and 3. The diagram of Fig. 1 has two vertices, i.e. n =2,
and as a result represents one of the ways to connect two of the fundamental theories. This
connection is achieved through eight gauged WZW models four of which are asymmetrically
gauged. Two of the latter have direction from the vertex/model 1 to the vertex/model 2 while
the other two from the vertex/model 2 to the vertex/model 1. The four tadpole-like parts of
the diagram correspond to four anomaly free vectorially gauged WZW models connecting the
two vertices to themselves. Fig. 2 depicts an integrable theory consisting of three fundamental
theories n = 3, seven asymmetrically and three vectorially gauged WZW models. Finally, Fig. 3
is an example of an integrable web that consists of four, i.e. n = 4, of the fundamental integrable

an integer number equal to the level k

9 Notice that the flow of levels to the opposite direction from vertex j to vertex i is related to the WZW with group
i) i)

ji at level kji

element g
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Fig. 3. An example of an integrable web representing an integrable theory built from four of the fundamental theories,
twelve asymmetrically and four vectorially gauged WZW models. The four fundamental theories are sitting at the four
vertices. The lines with orientation (blue lines with red arrows) connecting the vertices are associated with WZW models
at arbitrary levels subject to the condition that level conservation at each vertex is imposed. The intersections of the red
with the blue lines do not represent vertices. The red lines have no special meaning. They are drawn red so that we can
stress that their intersections with the blue lines do not designate vertices. The diagram corresponds to an integrable
theory.

theories where each of the vertices is connected to all others. This diagram has a total of sixteen
lines with orientation/WZW models. '

In order to obtain the o-model action one should integrate out the gauge fields Ai) from
(2.11). To this end we evaluate

35y 0 ! () () Gy o )
@ =0=4- =—(A_1_DT),..J—, IV=3"k"1 g, (213
AL J !
and
8Sgr _0:>A(i)_( 1 ) o O Zk(l,-,,)J UDN 2.14)
sAD W T-Dp/itt T L +@8jn ) :
B n,Ljn

where we have also defined the matrices
i) i) (UD) (UD) -
Dij=y kD),  Di=Y k"Dl ("), D) =twgt’s™).

(2.15)

Thus, every entry of the matrix D;; is the sum of the D? matrices of the group elements which
connect the corresponding vertices/models weighted appropriately by their WZW levels. At this
point we should stress that the transpositions in (2.13), (2.14) and (2.15) apply only to the sup-
pressed group indices a, b =1, ..., dim(G). Therefore, the entries of the matrices A~ T —Dand
A~ = DT are matrices themselves with their indices taking values in the group G. Consequently,
their inversion is to be understood as an inversion in the space of the fundamental integrable mod-
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els keeping in mind that their entries are non-commutative objects. One can now substitute the
gauge fields (2.13) and (2.14) in (2.11) to get the o -model

L[ o) 1 () (@ij)
S(,,m,)d,z—;/d o3 (=r—pr), Y 225,00 (2.16)
ij L !

As an example the matrix A~! — DT corresponding to the diagram of Fig. 2 takes the form

-1 (D T D (T 2T (D) T
)‘1 - k11 D11 _k21 D21 _k21 D21 _k31 D31
-1 _ pT _ (D T -1 (D nT (D T
A D' = —k12 Dy, Ay — k22 D,, —k32 D32 . 2.17)
(D T ) T —1 M T
_k13 D13 _k23 D23 )‘3 - k33 D33

An important comment is in order. Note that although (2.16) is similar in form to equation
(2.13) of [21], the models of the present work certainly do not belong to the subclass of the inte-
grable sector of the models presented in [21] and most probably they do not belong at all to the
general class of the models constructed in [21]. A first hint comes from inspecting of the matrix
D which in our case may generically have non-zero entries everywhere in contradistinction to
[21] where D has entries only along the diagonal. The reason behind this difference is that in
the models of [21], as well as in those of [61] the number of the WZW terms is equal to that of
the integrable theories one couples while in our case the number of the WZW models is strictly
greater or equal to that of the integrable theories we couple.

2.2. Reading the o-model from its diagram

We are now in position to reverse the argument. Given any diagram one can immediately write
down the corresponding integrable o -model action. The steps are as follows.
e Draw a diagram with any number of vertices and to each vertex assign one of the four funda-
mental integrable theories (see, for example, Fig. 3).
e Connect the vertices with any number of directed lines you wish in such a way that level con-
servation at each vertex holds.
e For each directed line write a WZW model at the level dictated by the level of the line (24
term in (2.18)).
e For each vertex write the incoming and outgoing currents J D and J J(ri), respectively.'’

-1
o Finally, couple these currents through the matrix (A_l - DT) , where D is defined in (2.15),

to get the special case of (2.16) that corresponds to the diagram at hand.
For the convenience of the reader we copy from the previous section the final form of the o-
model action

L -0 1 ) )
So—mod. = _;/d ody (W)U I ZZ%F;W(&/" )- (2.18)
i j l'j 1
We should, of course, mention that the inverse of the matrix A~! — DT has to be evaluated

in a case by case basis. Finally, let us mention that for small values of the entries of the matrix
()L_l)l.;l the action becomes

10 The expressions for JE) and .]L(ri) can be found in (2.13) and (2.14), respectively.

10
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1 ) (=11 Uij)
S(,,mod;—;/d% I (r i I3 S i (8;; )+ O02). (2.19)
ij ol Y

Notice that in our conventions —i J and —i J j_i) generate two Kac-Moody currents at levels ki
and k; respectively. As discussed above, these levels are equal due to level conservation. Finally,
the same arguments with those presented in Appendix A apply to the linearised action (2.19).
When the first term in (2.19) is written in a form involving an N x N matrix, where N is the
number of the WZW models, the corresponding (A‘l)l.;1 where now i, j = 1,..., N is a non-

invertible matrix. This means that there is no matrix A ~! with regular entries such that our model
can be straightforwardly obtained from the models of [21]. The same holds for the integrable
models in section 4.1 of [61] which have the same structure as those in [21] but with a more
general A matrix. Last, but not least, we would like to stress that in the construction of the present
paper some of the fundamental theories that serve as building blocks of the final integrable theory
are the isotropic o-models on the symmetric space G/H or the YB models on the symmetric
space G/H . This was not the case neither in the construction of [61] nor in that of [211.1

3. Proof of integrability

In this section, we prove that the theories constructed in the previous section are integrable
in the case where the coupling ){jl =6 jkfl. However in most of the manipulations and in

anticipation of the results of the following sections we will treat )»;1 as being a general matrix.

The proof of integrability requires two steps. In section 3.1 we show that a subset of the
equations, namely n of them, can be recast as zero curvature conditions of certain Lax pairs
which we explicitly find. One can then use construct the monodromy matrices whose traces are
conserved for all values of the spectral parameter. By expanding the monodromy matrices one
can obtain #n infinite towers of conserved charges. In general, these conserved charges are not
a-priori in involution. One case where these charges are in involution is when the spatial part of
the Lax connections assumes the r/s Maillet form. At the end of section 3.1 we show that the
charges obtained from different Lax pairs are in involution. However, we have not checked if the
charges obtained from the same Lax connection are in involution among themselves. We believe
that this will be the case.

Notice that the total number n of Lax pairs given in (3.7) is generically smaller than N which
is the number of the degrees of freedom of the theory.'> The latter can be taken to be the group
elements gl.(l.i'f ). This mismatch happens because the number of vertices is generically smaller
than the number of directed lines (see any of the diagrams). As a result, the fact that it is only
a certain combination (3.4) of the full set of eoms (3.3) that are equivalent to the Lax equations
(3.7) indicates that the conserved charges obtained from these Lax pairs are not enough to ensure
integrability.

In Section 3.2, we show that each of the remaining N — n equations of motion can be brought
to the form of a covariantly free quantity. This straightforwardly implies the existence of N —n

g might be possible that the models of the present work could be obtained as special decoupling limits of those in
the [61] (see also [64]) but only in the case where all the fundamental theories we couple are of the PCM-type. Finally,
it would be interesting to see if our model can fit in the framework of [65].

12 Strictly speaking the number of degrees of freedom is N dim(G). For the sake of brevity we will refrain from referring
to the dim(G) factor.
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infinite towers of conserved charges which supplement those obtained from the Lax connections.
As a result one has as many infinite towers of conserved charges as the number of degrees of
freedom of the theory. This concludes our proof of integrability.

Finally, let us make the following comment. The situation encountered in the case of our
models is slightly peculiar and certainly interesting. As mentioned above, it is not the full set
of equations of motion that can be rewritten as Lax pairs satisfying flatness conditions. Instead,
part of the equations of motion are equivalent to Lax equations while the remaining ones take the
form of covariantly free quantities. The latter equations lead to the direct construction of infinite
towers of conserved charges. It is true that the covariantly free equations of motion can not be put
in the Lax form. However, the primary and most fundamental definition of an integrable system
is that one can find conserved charges,'” the number of which should be equal to the degrees of
freedom of the theory under consideration. In this section, we show that our models have this
property. The situation encountered here is similar to that of the WZW model.'* Actually, we
think that the models presented in this work are canonically equivalent to the sum of n single
A-deformed models plus N — n gauged WZW models [62].

3.1. Lax connections for a subset of equations of motion

We start with the equations of motion for Ai). These can be easily brought to the form

ij ) (l, ) i) — o
> ki (s, D_gij" =05 —kn8jm) A" (3.1)
il;j
and
(ll ) (ll ) (ll) —1 — jod
Y ki D) =00 —kabin) AL, (3.2)
Jilij

where k,, and k, are defined in (2.10) and the transposition in (3.2) refers only to the suppressed
group indices. Notice also that although kn = k, due to level conservation we have not imposed
this condition in (3.1) and (3.2) yet. Finally, the covariant derivatives on the WZW group ele-
ments read D+g;; G =018 (1”) A(i')gl.(]l.ij) +g (I”)A(]).

In addition, we will need the equations of m0t10n for the group elements of the WZW models.
These turn out to be

38,

{ij)
Sgij’

i) ¢ dij)y—1 @ ij) (G) 9
=0=—D_ <D+gl]f (gijj ) ):Ff_ <:>D+((gl]f ) D_gijf ) Fj_‘_ ,

(3.3)

where the field strenghts are defined as usual, F? A() 3+Ag) — B,AS? — [AE@,A(_’.)] and
where the left covariant derivative in the second and third equation of (3.3) are acting to

its arguments according to their transformation properties, namely D_- = d_ - [A(l) -] and

Dy =04 - [A(] ), -] respectively. Multiplying the second and third equation in (3.3) by k(l” )

and summing over j,l;; and i, [;; respectively we arrive at

13 Which actually should be in involution (see also the discussion at the end of section 3.2.)
14" We thank the referee for pointing out this similarity.

12



G. Georgiou Nuclear Physics B 965 (2021) 115340

Zk(lu) ( lszj)(gf]l_ij))—l> k F_’:? ’

jl,/

(i ) (lt ) ij) r AW
Zk ! ( I) D—gijj>:kjF+f‘

ilij

(3.4)

Substituting now (3.1) and (3.2) in (3.4) we get after some algebra the equations of motion of the
system expressed solely in terms of the gauge fields. These read

fiagAD — 2T AW =a-TA™ a9,

(3.5)
Ato A — koo AY =[aP a-1a™].

In the case where )\l.;l =8ijA; ! and the levels at each vertex are conserved, i.e. l;l- = 12i , Which
is precisely the case we consider in this section, the equations in (3.5) decouple in the space of

models and become

8+A(i) _ ifTa A(l) _ [A—TA(i) A(l)]
Sl ) o @ ) (3.6)
Ao A — 9 AP =1aD, 01",

where 5‘1_ 1+ k—‘ = 2—‘ In the last relation we have used level conservation to define k; =

12,- = /Ei. Thus we see that the equations of motion of our theory reduce ton =nj +ny +n3 +na
decoupled sets of equations. Each of these sets correspond to the equations of motion of a single
A-deformed model with n; of the ){]s being the isotropic matrices of PCMs, nj of the ){]s

being the matrices of YB models, n3 of the )A»l_ Is being the isotropic matrices of a symmetric

coset space G/H and n4 of the i;l s being the matrices of the YB model on the symmetric space
G/H.

Notice that despite the decoupling of the equations of motion when these are expressed in
terms of the gauge fields, the o-model action assumes a non-trivial form in which the group
elements and the deformation matrices ii_l are coupled in a very complicated way the details
of which depend on the topology of the corresponding diagram. More precisely, to the same set
of n = ny + ny 4+ n3 + nyg fundamental integrable models and WZW models at certain levels
correspond many different coupled o-models since there are many different ways/diagrams to
connect the vertices (fundamental models) with the directed lines (asymmetrically gauged WZW
models). Furthermore, the Hamiltonian density of our models can not be written solely in terms
of the gauge fields A(i’) and the couplings i;l as it was possible in the case of doubly and cyclic
A-deformed models which were shown to be canonically equivalent to the sum of two or more

single A-deformed models [18,26]. This essential difference can be traced to the fact that in our

models the group degrees of freedom g; @) are generically strictly greater than the number of

the fundamental theories we couple and thus greater than the number of the gauge fields of the
theory (see for example (2.7) or (2.11)).

Consider now a diagram in which all possible kinds of lines and vertices are present, that is
when each vertex is connected to itself and to all other vertices in both directions. The number of
independent parameters that the model corresponding to such a diagram possess is at least n” +
1 + ny + ny4. This number comes out as follows. Since each of the vertices can be connected to
all other vertices including itself the most generic diagram'> has at least n> parameters which are

15" As mentioned above, as most generic we characterise a diagram in which all possible kinds of lines and vertices are
present.
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i)
ij
below (2.12)). Lastly, one has n 4+ n» 4 n4 continuous parameters in the definitions of the )A{l
matrices. Putting everything together we get that our models depend on at least n2 + 1 4+ ny + ny4
parameters.

Equations (3.6) imply the existence of n independent Lax pairs satisfying

the levels k;;”". Level conservation imposes n — 1 constraints on the levels (see last bullet point

0, LD —o_£0 129, £91=0. 3.7)
These are given by
, 2 Zi .
L —————{ O l<i<m (3.8)
T +A1 LFz * T

in the case where A; is the coupling obtained from the isotropic matrix of a PCM, whereas in the
case where A; =1 + ﬁ(]l — niRi)_l and the coupling is obtained from a YB model the Lax
pair is given by [51]

) . Nz o .
P = (@ +a§”$)ﬂ +nR) (1 +mR) AL, ni<i<ni+n
1
- / j / 1+ c2n?p;
@) _ 2 @) _ 2 2 _ 4
051 = — az—czni’ az =2 ai —C2T’i, o = Tp’j, (39)
. kit;
P T

In (3.9) ¢> =0,%1 and the skew symmetric matrix R; satisfies the modified Yang-Baxter
equation [R; A, R;B]—R;([R;A, B]+[A,R;B]) = —c2[A, B], YA, B € L(G). The third pos-
sibility is when the fundamental integrable model sitting at a vertex is the isotropic o -model on
a symmetric space of the coset form G/ H. In this case the equation of motion (3.6) become

aeAD " =AD" ADM, 8, A0" oAD" [AD" A0 = S (A0 AN,

l
AD =AD" 4 AP A" e £y, AV e L(G/H),  ni+na<i<ny4np+n.
(3.10)

These equations imply the existence of a Lax connection of the following form [22]

+1
E?:Ai)h—i-'—Ai)g/h, ny+ny<i<n+ny+ns 3.11)
Ai
where z; is, as usual, the spectral parameter.
The fourth and last possibility is when the fundamental integrable model sitting at a vertex is a

YB model based on the symmetric space of the coset form G/H. In this case the equation of
motion (3.6) imply the existence of a Lax connection of the form [51]
. . 1 11 o .
Ei) = Ai)h +Z,~i1(— +nip; 2Ri)(1+nR;) lAi)g/h, ni+ny+n3<i<n
Vpi
(3.12)

given that the projection of the R;-bracket in the sub-algebra 4 vanishes, namely that

14
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(RiX,Y1+[X,R;YDIn =0, X, Yeg/h. (3.13)

We close this section with an important comment. The infinite tower of conserved charges ob-
tained from any of the above n = ny 4 n> + n3 + ng Lax pairs are in involution with those
obtained from all the remaining n — 1 Lax pairs. To see this one can define the following dressed
currents that obey commuting Kac-Moody algebras [58,18,26]
T = (W) D_gl 1 A — Y
i)

. (i) ¢ i) @) @)
Ty =Drgij’ (gijj ) tAL AL

(3.14)

Multiplying the first equation by k H b and summing over j and /;; and the second equation by
kl( /) and summing again over j and l;j one obtains, after substituting in the constraints (3.1) and
(3.2), the following relations

Zk(l/t) (111) _1Ag) _ ]glAgl»))
Jilji
. . (3.15)
i) (l, ) T @) _ 7A@
D kT = AY —kiAT).
Jolij
This set of equations can be now solved for the gauge fields A( in terms of ) _ . Jlji ;ll’ ’)Jilji,)
l
and Z/ I k(l”)j_&f Given that the Poisson brackets {7 J(rl’l’]) j ”‘)}p =0= {J(l;,), .7( k')}

when i i and that {JJ(FI ) J(l )}PB = 0 we deduce that {A<l),A(l)}PB =0fori+#i. Asa

result of the last equation we have that {Eg’[) (')} pp =0 for i # i which in turn implies that
the conserved charges obtained from different Lax connections are in involution.

3.2. Infinite towers of conserved charges from the remaining equations of motion

In this section, we will argue that, besides the charges that can be obtained from the Lax pairs
of the previous section, there are N — n additional towers of infinite conserved charges. The
argument goes as follows. Consider any of the n vertices and focus on the directed lines/WZW

models that are pointing away from this vertex. Next choose one of the latter, say the one de-
0

. (l,") i lii)\— i) .
pending on gl.j’ as a reference. Then the full set of eoms D_ (D+gljf)(gi(j’)) 1) = Ffr‘(,) in

(3.3) can be rewritten as

(Ui ) (i) ¢ i) 7 AD
Zk ' ( ljj (glj]) ):kiF+7 )
Il (3.16)
(ij) ¢ ij) G

D_Y,;; =0, where Yyij=Dig;’ (gij’ ) - Dig;’ (gij )
We see, thus, that the complete set of equations is equivalent to eq. (3.4), which is the one used
for the construction of the Lax pairs (3.7), plus a number of covariantly free currents given by the
second relation in (3.16). Now each of the covariantly free currents generates an infinite tower of
conserved charges given by

2

ng:/da w(Yy b, k=1,2.3..... (3.17)
0
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Indeed,
2 2
8tQ§;f)=kf do tr((Y+ij)k_18tY+ ,»j) =kf do tr((Y+ o, Yy i,-)+
0 0
. (3.18)
ok / do w((¥y 1A ¥y 471)
0

where we have used the fact that Y, ;; is covariantly conserved, that is %(8r — )Yy ij —
[A@, Y. ;] =0. Then by rewriting ktr((Y+ ,-,)k—lag Yt i/') = Bgtr<(Y+ i/-)k) and taking into
account that Y ;; is a periodic function we deduce that'®

0:0}% =0. (3.19)
Notice that the total number of the towers of the conserved charges ng) is equal to the number

of the groups elements gl.(jl.ij ) minus the number of the vertices n since, as can be seen from
(3.16), one equation per vertex can not be brought to the form of a covariantly free quantity. The
conserved charges for this single equation are supplied by the Lax pairs of (3.7).

We conclude that we have enough conserved charges to ensure integrability of the theories
since one can construct as many infinite towers of charges as the number of the degrees of free-

dom of the theories which is, of course, equal to the number of the group elements gl.(]{ij ) A last
comment is in order. It is true that the local charges belonging to the same infinite tower as de-
fined in (3.17) are not in involution.'” However, one can employ a construction similar to the one
in [60] to find certain combinations of the charges in (3.17) which are in involution. As discussed
in [60] the details of the construction depends on which precisely the group G is.

4. Coupling isotropic integrable theories

In this section, we consider the special case where all the vertices are of the PCM-type, that
is when the coupling matrices (A‘l)?]b are diagonal and isotropic in the group space, namely

(1 )?j}’ =, j(Sab . In section 4.1, we will consider the integrable case where the deformation
matrix is non-diagonal in the space of theories with momentum conservation imposed at each
vertex. In the next section 4.2, we will focus on the integrable case where the deformation matrix
is diagonal in both the group space and the space of models, that is when ()\_1)?;’ = ){18,- jS“b,
but level conservation at the vertices is not imposed.

4.1. Non-diagonal in the space of models deformation matrix

In this case after we make the following redefinitions

P I - i
AY = \/I?,-A(_’), AY = \/;iAi), i = A 4.1)

16 The last term of (3.18) vanishes due to the cyclicity of the trace.
17 Any two charges belonging to different towers are in involution because they depend on completely different group
elements.
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the general equations of motion (3.5) become

0, AV 170 AV = LA 70501,

%

1 4.2)
Xl'_jla—kli(j) 9_ A(l) [A(l) )u lA(J)]
ki

If we now impose level conservation k; = IE,‘ = 12,' we see that in the case of isotropic XA the
equations of motion of our model take precisely the form of the equations of motion of the most
general A-deformed model constructed in [21] (see eq. (2.9) of this work). This by no means that
these two classes of theories are trivially identical since, as mentioned above, in our construction
the number of WZW models is strictly greater or equal to the number of gauge fields while in
the construction of [21] these two number are precisely equal. Thus, the degrees of freedom of
our models are generically greater than those of the models in [21] for the same number of gauge
fields.

Given the form of the equations of motion (4.2) we immediately deduce that when the matrix

%! has the form!'8
A0 0
A0 0
el T B “3)
A(nl b O 0
0 )“;21 T )“;nl

the theory is integrable, exactly as it happened in [21], with the Lax pairs given by

e
P =3"VA?, £ =z4, 4.4)
i=1

where

@) ,_11()»,_11 — Wi1) 4

¢y = i i=1,2,....,.n—1,
(A, —z/ki) d+d
1 4.5
dy = nXE Ajl G — 0 Wil = k
_1 ’ [ 2
j=1 )L - \/E k]
and
n . .
LP=3"cWA0 P =7AP, (4.6)
where

18 Notice that the )L[_.l in (4.3) that follow are not the same with the )ﬁl of (4.1). We have used the same letter so that
we do not have proliferation of symbols.
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11

() _ )Lni ()Lm' — Mni) Z
(it —2vk) d+d

"t O = ) ki

=Y i =

T b~k ki
In passing let us note that strong integrability of the models presented in [21] with a deformation
matrix of the form (4.3) has been proven in [59].

Finally, let us mention that, precisely as in section 3.2, besides the n equations of motion
(4.2) which can be put in the Lax form the remaining N — n equations can be put in the form of
covariantly free quantities. Each of these equations implies the existence of an infinite tower of
conserved charges.

4.7)

4.2. Relaxing level conservation

In this section we consider the case where one drops the requirement of level conservation at
the vertices of the diagrams, that is we no longer impose the conditions k; = k;, Vi. In this case
and in order to end up with an integrable theory one must demand that the fundamental theories
one couples are all of the PCM-type and that the coupling matrix is diagonal in the space of

. Y—1yab _ =1 ¢ . gab
theories, namely that (A )?j =A; 8;j 697,
To proceed we make in (4.2) the following redefinitions AD = \/13, Aﬁ) and A@ = \/I?,-Ag)
to get
0 AY — )T AD = 0T T AD, A,
i)y —1g 40 () _ 5 O 40 5-1 40) @) ki “+-8)
o A 0 AT — 0 AL =4y ALV A AT, Aoy =4/ =-

i

Notice that this is precisely n copies of the equations of motion (3.6) of the model presented in
[19]. The above equations of motion imply the existence of a Lax connection of the form [19]

27 k) O ()\f)'))”kl
1—2?

I YN

AD O AD — AD zecC.
* 1—22 l

(4.9)

As in section 3, one can straightforwardly show by imitating the discussion below (3.14) that
the conserved charges obtained from the different Lax connections of (4.9) are in involution.
Let us, finally, note that, as in section 3.2, besides the n equations of motion (4.8) which can be
put in the Lax form, the remaining N — n equations can be put in the form of covariantly free
combinations of currents. Each of these equations implies the existence of an infinite tower of
conserved charges.

A final comment is in order. Note that the cyclic A-deformed models of [26] and [48] belong to
the class of the models of this subsection. In particular, the diagrams representing the aforemen-
tioned models are canonical polygons where each vertex is connected only to the adjacent ones.

5. Conclusions

In this work, we constructed the o-model actions of a general class of integrable models.
These models couple N WZW models with an arbitrary number of the following fundamental
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integrable theories, namely n different copies of the PCM, n, different copies of the YB model,
both based on a group G, n3 different copies of the isotropic o-model on the symmetric coset
space G/ H and n4 different copies of the YB model on the symmetric space G/H . The coupling
is achieved by gauging the left global symmetry of the aforementioned fundamental integrable
theories and connecting them with asymmetrically gauged WZW models. The action of the lat-
ter depends on both the gauge fields of the fundamental integrable theories which they connect.
In this way, webs of integrable theories are obtained. We show that a diagrammatic represen-
tation of these webs is possible. To each vertex of a diagram we assigned the matrix of one of
the aforementioned fundamental integrable theories. Any two vertices may be connected with a
number of lines with orientation having levels k; with each of these lines being associated to an
asymmetrically gauged WZW model at an arbitrary level k;. Gauge invariance of the full action
is translated to level conservation at the vertices. The virtue of this diagrammatic representation
is that one can, at the back of the envelope, draw any diagram and directly write down from it
the corresponding integrable theory. A diagram which possesses all possible kinds of lines and
vertices, that is when each vertex is connected to itself and to all other vertices in both directions,
corresponds to an integrable o-model that depends on at least n> 4+ 1 + ny + n4 parameters,
where n is the total number of vertices/fundamental integrable models. Next, we proved that the
theories constructed are indeed classically integrable by finding the corresponding Lax pairs.

Subsequently, we considered two more general settings. In the first one, we focused on the
case in which the deformation matrix is not diagonal in the space of the fundamental theories,
in distinction to the theories of the previous sections. In the second we examined the case in
which, although the deformation matrix is diagonal in the space of the fundamental theories,
level conservation at the vertices is relaxed. In both cases we were able to prove integrability
only when all the deformation matrices are proportional to the identity in the group space, that is
when only when all the theories we are coupling are all of the PCM-type.

There is a couple of interesting questions remaining to be addressed. The first one concerns
the quantum properties of the models presented. Although the S-functions of the couplings and
the anomalous dimensions of the single currents can be straightforwardly deduced from the
works [27-29] using perturbation theory around the conformal point'® the calculation of the
exact anomalous dimensions of composite operators made from currents belonging to different
WZW models, as well as those of the primary operators is certainly much more demanding since
the result will be a non-trivial function of the couplings A;l. The same holds for the three-point
correlators involving currents and/or primary fields. Notice that for these calculations the meth-
ods developed in [38] and [39] are more appropriate compared to the ones used in [27-29] since
for the theories of the present work we do not have the non-perturbative symmetries in the space
of couplings which we had in the A-deformed models with one or more parameters [33,20,21,29].

A second question concerns the Poisson-Lie T-dual theories of our models. Given the relation
between the A- and n-deformations via Poisson-Lie T- duality and appropriate analytic continua-
tions it is natural to wonder if there are new integrable o -models of the n-type to be constructed

19 The B- functions and the single currents anomalous dimensions of the models of section 2 are the same with those
of the corresponding single A-deformed models while the 8- functions and the single currents anomalous dimensions
of section 4.1 can be straightforwardly obtained from the analogous expressions in [21]. Finally, the 8- functions and
the single current anomalous dimensions of the models in section 4.2 are identical to the corresponding expressions of
the two-level asymmetric construction of [29,19] after identifying A of the latter paper with A(()l ) of (4.8). The reason
behind these identifications is that perturbation theory around the conformal points of the different theories is organised
in precisely the same way since it is of the current-current or parafermion-parafermion type.
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and which their relation will be to the ones constructed based on the interpretation of integrable
field theories as realisations of the affine Gaudin models [63,64,66]. In that respect, it would be
important to study the details of the algebraic and Hamiltonian structure of our theories. Finally,
it would be very interesting to find the S-matrices of our theories and use the TBA equations in
order to determine the corresponding mass gaps.
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Appendix A. Comparison with other integrable models

In order to be able to compare our theories with those presented in [21], notice that the first
term in (2.16) can be rewritten as an N x N matrix coupling the N currents J’fl""’N with the N
currents J' ="V where N is the fotal number of the WZW models. In doing so one can verify

that the aforementioned N x N matrix has zero determinant, it is not invertible and as a result it
can never be written as the inverse of an N x N matrix of the form A~7 — D for some regular
A~T and a diagonal D matrix as it is required by the models constructed in [21] and in section
4.1 of [61]. To demonstrate this fact with an example consider the integrable theory of Fig. 1. In
this case the first term in (2.16) can be rewritten as
1
S
@
0
0]
J o1
()
J o1
M
I
()
I
)]
1
()
I

J@ 4O @ G0 Q) 1) 4@

(1)
(J+nv +1100 Y4120 Y120 Y4220 Y4220 Y4210 +21) Mgxs. ’ (A.D

where the 8 x 8 matrix Mgyg is
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Mgyg =
1 1 2 1 1 1 2 1 1 1 2 1 1 1 2
T
1 2 2 2 1 2),(2 2 1 2),(2 2 1 2),(2
Sukky En)?  Bukiky SukPRY Tokky TokTks Soklky Dokl

(A.2)

where X;; = (ﬁl‘ , I,j=1,2 and we have explicitly written only the first two lines.

It is evident from (A.2) that the second row of the matrix is equal to the first multiplied by
kﬁ)/kﬂ). This implies that the determinant of Mgyg is zero and thus this matrix is not invertible,

as discussed above. This result is a consequence of the fact that only certain linear combinations
lij .

of the currents Ji (gl-( j’ )) enter the first term of the action (2.16). Thus, we conclude that our

models can not be written in any straightforward way in the form of those presented in [21] and

[61].
References

[1] J.M. Maldacena, The large N limit of superconformal field theories and supergravity, Int. J. Theor. Phys. 38 (1999)
1113, Adv. Theor. Math. Phys. 2 (1998) 231, arXiv:hep-th/9711200.

[2] M. Staudacher, The factorized S-matrix of CFT/AdS, J. High Energy Phys. 0505 (2005) 054, arXiv:hep-th/0412188.

[3] J. Ambjorn, R.A. Janik, C. Kristjansen, Wrapping interactions and a new source of corrections to the spin-
chain/string duality, Nucl. Phys. B 736 (2006) 288, arXiv:hep-th/0510171.

[4] N. Gromov, V. Kazakov, P. Vieira, Exact spectrum of anomalous dimensions of planar N=4 supersymmetric Yang-
Mills theory, Phys. Rev. Lett. 103 (2009) 131601, arXiv:0901.3753 [hep-th].

[5] N. Beisert, et al., Review of AdS/CFT integrability: an overview, Lett. Math. Phys. 99 (2012) 3, arXiv:1012.3982
[hep-th].

[6] C. Klim¢ik, YB sigma models and dS/AdS T-duality, J. High Energy Phys. 0212 (2002) 051, arXiv:hep-th/0210095.

[7] C. Klim¢ik, On integrability of the YB sigma-model, J. Math. Phys. 50 (2009) 043508, arXiv:0802.3518 [hep-th].

[8] C. Klim¢ik, Integrability of the bi- Yang—Baxter sigma-model, Lett. Math. Phys. 104 (2014) 1095, arXiv:1402.2105
[math-ph].

[9] F. Delduc, M. Magro, B. Vicedo, On classical g-deformations of integrable sigma-models, J. High Energy Phys.
1311 (2013) 192, arXiv:1308.3581 [hep-th].

[10] F. Delduc, M. Magro, B. Vicedo, An integrable deformation of the AdSs x 53 superstring action, Phys. Rev. Lett.
112 (2013) 051601, arXiv:1309.5850 [hep-th].

[11] G. Arutyunov, R. Borsato, S. Frolov, S-matrix for strings on 7-deformed AdSs x S5, T High Energy Phys. 1404
(2014) 002, arXiv:1312.3542 [hep-th].

[12] E. Delduc, M. Magro, B. Vicedo, Integrable double deformation of the principal chiral model, Nucl. Phys. B 891
(2015) 312-321, arXiv:1410.8066 [hep-th].

[13] F. Delduc, B. Hoare, T. Kameyama, M. Magro, Combining the bi-Yang-Baxter deformation, the Wess-Zumino
term and TsT transformations in one integrable o -model, J. High Energy Phys. 10 (2017) 212, arXiv:1707.08371
[hep-th].

[14] C. Klim¢ik, Poisson-Lie T-duals of the bi-Yang—Baxter models, Phys. Lett. B 760 (2016) 345, arXiv:1606.03016
[hep-th].

[15] C. Klim¢ik, n and A deformations as £-models, Nucl. Phys. B 900 (2015) 259, arXiv:1508.05832 [hep-th].

[16] C. Klimcik, Yang-Baxter o-model with WZNW term as £-model, Phys. Lett. B 772 (2017) 725-730, arXiv:1706.
08912 [hep-th].

[17] K. Sfetsos, Integrable interpolations: from exact CFTs to non-Abelian T-duals, Nucl. Phys. B 880 (2014) 225,
arXiv:1312.4560 [hep-th].

[18] G. Georgiou, K. Sfetsos, A new class of integrable deformations of CFTs, J. High Energy Phys. 1703 (2017) 083,
arXiv:1612.05012 [hep-th].

21


http://refhub.elsevier.com/S0550-3213(21)00037-7/bib185F6803DDFE4D434B59757C0B2FCD42s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib185F6803DDFE4D434B59757C0B2FCD42s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib3F5668262A59AA0B7A47A8AB38101AE1s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib1A9DC65D51D084A06FCD76B3DEA09180s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib1A9DC65D51D084A06FCD76B3DEA09180s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDC96900ADBC0A02752F94C818D4ECA39s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDC96900ADBC0A02752F94C818D4ECA39s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib7325C8D2E7EB508101D015D699FF7EA4s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib7325C8D2E7EB508101D015D699FF7EA4s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibB15879877B2E4DFA83269AEB89AEF43Es1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib52D22C490EEDB43896B92BB27A26A8D0s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib6FE4B0FB94F90623783F00C098C36BA0s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib6FE4B0FB94F90623783F00C098C36BA0s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib5B40ED67261105D4FA1D62F9A2593C58s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib5B40ED67261105D4FA1D62F9A2593C58s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibE3043F1ED28F961BAB85F832548A1C9As1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibE3043F1ED28F961BAB85F832548A1C9As1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibD112625EBD9A17C58396FD8005A468D8s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibD112625EBD9A17C58396FD8005A468D8s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib91D612B976B7F06611C5EAA9A9DDB74Fs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib91D612B976B7F06611C5EAA9A9DDB74Fs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibD0EB226664A026BBA3A4D1E7D4554CC7s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibD0EB226664A026BBA3A4D1E7D4554CC7s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibD0EB226664A026BBA3A4D1E7D4554CC7s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib96BFE9CB35C544E94F0DD7A034810AD0s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib96BFE9CB35C544E94F0DD7A034810AD0s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib3334A306DDA03DCFFDF81BB3F93FC6DAs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib1B4D69BEFAC8F864E343CCF1EBA83C98s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib1B4D69BEFAC8F864E343CCF1EBA83C98s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib269B7BA8B550BE3F6724A368F772C195s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib269B7BA8B550BE3F6724A368F772C195s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib6B3947DF22EA242CD7747E10E1F82D42s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib6B3947DF22EA242CD7747E10E1F82D42s1

G. Georgiou Nuclear Physics B 965 (2021) 115340

[19] G. Georgiou, K. Sfetsos, Integrable flows between exact CFTs, J. High Energy Phys. 1711 (2017) 078, arXiv:
1707.05149 [hep-th].

[20] G. Georgiou, K. Sfetsos, Novel all loop actions of interacting CFTs: construction, integrability and RG flows, Nucl.
Phys. B 937 (2018) 371, arXiv:1809.03522 [hep-th].

[21] G. Georgiou, K. Sfetsos, The most general A-deformation of CFTs and integrability, J. High Energy Phys. 1903
(2019) 094, arXiv:1812.04033 [hep-th].

[22] T.J. Hollowood, J.L.. Miramontes, D.M. Schmidtt, Integrable deformations of strings on symmetric spaces, J. High
Energy Phys. 1411 (2014) 009, arXiv:1407.2840 [hep-th].

[23] T.J. Hollowood, J.L. Miramontes, D. Schmidtt, An integrable deformation of the AdSs x 55 superstring, J. Phys.
A 47 (49) (2014) 495402, arXiv:1409.1538 [hep-th].

[24] S. Driezen, A. Sevrin, D.C. Thompson, Integrable asymmetric A-deformations, J. High Energy Phys. 1904 (2019)
094, arXiv:1902.04142 [hep-th].

[25] E. Witten, Nonabelian bosonization in two-dimensions, Commun. Math. Phys. 92 (1984) 455.

[26] G. Georgiou, K. Sfetsos, K. Siampos, Double and cyclic A-deformations and their canonical equivalents, Phys. Lett.
B 771 (2017) 576, arXiv:1704.07834 [hep-th].

[27] G. Georgiou, K. Sfetsos, K. Siampos, All-loop anomalous dimensions in integrable A-deformed o -models, Nucl.
Phys. B 901 (2015) 40, arXiv:1509.02946 [hep-th].

[28] G. Georgiou, K. Sfetsos, K. Siampos, All-loop correlators of integrable A-deformed o-models, Nucl. Phys. B 909
(2016) 360, arXiv:1604.08212 [hep-th].

[29] G. Georgiou, K. Sfetsos, K. Siampos, A-deformations of left-right asymmetric CFTs, Nucl. Phys. B 914 (2017) 623,
arXiv:1610.05314 [hep-th].

[30] G. Itsios, K. Sfetsos, K. Siampos, The all-loop non-Abelian Thirring model and its RG flow, Phys. Lett. B 733
(2014) 265, arXiv:1404.3748 [hep-th].

[31] G. Georgiou, E. Sagkrioti, K. Sfetsos, K. Siampos, Quantum aspects of doubly deformed CFTs, Nucl. Phys. B 919
(2017) 504, arXiv:1703.00462 [hep-th].

[32] K. Sfetsos, K. Siampos, Gauged WZW-type theories and the all-loop anisotropic non-Abelian Thirring model, Nucl.
Phys. B 885 (2014) 583, arXiv:1405.7803 [hep-th].

[33] D. Kutasov, Duality off the critical point in two-dimensional systems with nonabelian symmetries, Phys. Lett. B
233 (1989) 369.

[34] D. Kutasov, String theory and the nonabelian Thirring model, Phys. Lett. B 227 (1989) 68.

[35] B. Gerganov, A. LeClair, M. Moriconi, On the beta function for anisotropic current interactions in 2-D, Phys. Rev.
Lett. 86 (2001) 4753, arXiv:hep-th/0011189.

[36] A. LeClair, Chiral stabilization of the renormalization group for flavor and color anisotropic current interactions,
Phys. Lett. B 519 (2001) 183, arXiv:hep-th/0105092.

[37] C. Appadu, T.J. Hollowood, Beta function of k deformed AdSs x $5 string theory, J. High Energy Phys. 1511
(2015) 095, arXiv:1507.05420 [hep-th].

[38] G. Georgiou, P. Panopoulos, E. Sagkrioti, K. Sfetsos, Exact results from the geometry of couplings and the effective
action, Nucl. Phys. B 948 (2019) 114779, arXiv:1906.00984 [hep-th].

[39] G. Georgiou, K. Sfetsos, Field theory and A-deformations: expanding around the identity, Nucl. Phys. B 950 (2020)
114855, arXiv:1910.01056 [hep-th].

[40] A.B. Zamolodchikov, Irreversibility of the flux of the renormalization group in a 2D field theory, JETP Lett. 43
(1986) 730.

[41] G. Georgiou, P. Panopoulos, E. Sagkrioti, K. Sfetsos, K. Siampos, The exact C-function in integrable A-deformed
theories, Phys. Lett. B 782 (2018) 613, arXiv:1805.03731 [hep-th].

[42] E. Sagkrioti, K. Sfetsos, K. Siampos, Weyl anomaly and the C-function in A-deformed CFTs, Nucl. Phys. B 938
(2019) 426, arXiv:1810.04189 [hep-th].

[43] G. Georgiou, E. Sagkrioti, K. Sfetsos, K. Siampos, An exact symmetry in A-deformed CFTs, J. High Energy Phys.
(2001) 083, arXiv:1911.02027 [hep-th], 2020.

[44] G. Georgiou, K. Sfetsos, K. Siampos, A free field perspective of A-deformed coset CFT’s, arXiv:2004.10216 [hep-
th].

[45] B. Hoare, N. Levine, A.A. Tseytlin, Integrable sigma models and 2-loop RG flow, J. High Energy Phys. 1912 (2019)
146, arXiv:1910.00397 [hep-th].

[46] K. Sfetsos, K. Siampos, Integrable deformations of the Gy x Gy, /Gg, 4k, coset CFTs, Nucl. Phys. B 927 (2018)
124, arXiv:1710.02515 [hep-th].

[47] J. Balog, P. Forgacs, Z. Horvath, L. Palla, A new family of SU(2) symmetric integrable sigma models, Phys. Lett.
B 324 (1994) 403, arXiv:hep-th/9307030.

22


http://refhub.elsevier.com/S0550-3213(21)00037-7/bib0FD1E181917CEBA2217C3744A10FD6D9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib0FD1E181917CEBA2217C3744A10FD6D9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib7DF73822599A1640AA4374612BE6E6C9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib7DF73822599A1640AA4374612BE6E6C9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDE999451F7B7C9EDCB930FB70499510Ds1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDE999451F7B7C9EDCB930FB70499510Ds1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib6212A72D8AA3A22A6CA3DDCBC83A9BDDs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib6212A72D8AA3A22A6CA3DDCBC83A9BDDs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib3CA3C652973057E86BA9CF09A5E4A5E3s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib3CA3C652973057E86BA9CF09A5E4A5E3s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib4B168C4BA61505FC458F60FA444DF602s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib4B168C4BA61505FC458F60FA444DF602s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib21A46A3B5B0B19A566664F169D6B1B0Cs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib9790C93DA7F9C55EFD106C8C415C2C1Es1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib9790C93DA7F9C55EFD106C8C415C2C1Es1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib056F686DFF0110F56C632766A372798Ds1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib056F686DFF0110F56C632766A372798Ds1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib92C461670E0359BC19306DC53033AC66s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib92C461670E0359BC19306DC53033AC66s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibE6EF2DF3343089114A8CA6F7026B53F8s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibE6EF2DF3343089114A8CA6F7026B53F8s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib5119B8CC7380800547E129EC162E51B9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib5119B8CC7380800547E129EC162E51B9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib40868DF5A0F55034FABF05B618509A00s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib40868DF5A0F55034FABF05B618509A00s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDC47E98B6288781ACFC42057E8BD8900s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDC47E98B6288781ACFC42057E8BD8900s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib19D835DDC09AEDDC12C2950A62869467s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib19D835DDC09AEDDC12C2950A62869467s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib5919C9B672FB3B177E0807B8229B17C0s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibC977E3D1EA3E932D9D3EA312BF0E0212s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibC977E3D1EA3E932D9D3EA312BF0E0212s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDA82091AEB95AA705AA105CD782BBB09s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibDA82091AEB95AA705AA105CD782BBB09s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib2C64A95BED6B94016585B0E200CFAC52s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib2C64A95BED6B94016585B0E200CFAC52s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibA76A72E75AAAF70BE1BDA2780883CFB5s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibA76A72E75AAAF70BE1BDA2780883CFB5s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib76DB2A9AB36A9B88A58809226F1FAA37s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib76DB2A9AB36A9B88A58809226F1FAA37s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibD10CEC2F6077864348A20989A8BC3172s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibD10CEC2F6077864348A20989A8BC3172s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib7C7E65B97C956F2B287F9D9A4A91F15Es1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib7C7E65B97C956F2B287F9D9A4A91F15Es1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib107B83E46D1A1BF66DAB01F7AB6F7BD1s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib107B83E46D1A1BF66DAB01F7AB6F7BD1s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibB6FE82E6DDDB0FC71C4C2E0F102507D7s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibB6FE82E6DDDB0FC71C4C2E0F102507D7s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib423F892219A1586A42C3C0EBE22D4F05s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib423F892219A1586A42C3C0EBE22D4F05s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib8DF7F9EB94195388D8B4A0A45E249233s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib8DF7F9EB94195388D8B4A0A45E249233s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibF4F08879FFF42CB079C33A2911A14653s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibF4F08879FFF42CB079C33A2911A14653s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib3F2407DF910EA5854965183081AEEBA1s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib3F2407DF910EA5854965183081AEEBA1s1

G. Georgiou Nuclear Physics B 965 (2021) 115340

[48] G. Georgiou, G. Pappas, K. Sfetsos, arXiv:2005.02414 [hep-th].

[49] B. Vicedo, Deformed integrable o-models, classical R-matrices and classical exchange algebra on Drinfel’d dou-
bles, J. Phys. A, Math. Theor. 48 (2015) 355203, arXiv:1504.06303 [hep-th].

[50] B. Hoare, A.A. Tseytlin, On integrable deformations of superstring sigma models related to Ad S, x S" supercosets,
Nucl. Phys. B 897 (2015) 448, arXiv:1504.07213 [hep-th].

[51] K. Sfetsos, K. Siampos, D.C. Thompson, Generalised integrable A- and n-deformations and their relation, Nucl.
Phys. B 899 (2015) 489, arXiv:1506.05784 [hep-th].

[52] S. Demulder, F. Hassler, G. Piccinini, D.C. Thompson, Integrable deformation of CIP”" and generalised Kihler
geometry, J. High Energy Phys. 10 (2020) 086, arXiv:2002.11144 [hep-th].

[53] B. Hoare, F.K. Seibold, Poisson-Lie duals of the n-deformed AdS, x S2 x TO superstring, J. High Energy Phys.
1808 (2018) 107, arXiv:1807.04608 [hep-th].

[54] S. Driezen, A. Sevrin, D.C. Thompson, D-branes in A-deformations, J. High Energy Phys. 1809 (2018) 015, arXiv:
1806.10712 [hep-th].

[55] C. Klim¢ik, P. §evera, Dual non-Abelian duality and the Drinfeld double, Phys. Lett. B 351 (1995) 455, arXiv:
hep-th/9502122.

[56] K. Sfetsos, Duality invariant class of two-dimensional field theories, Nucl. Phys. B 561 (1999) 316, arXiv:hep-th/
9904188.

[57] E. Witten, On holomorphic factorization of WZW and coset models, Commun. Math. Phys. 144 (1992) 189.

[58] P. Bowcock, Canonical quantization of the gauged Wess-Zumino model, Nucl. Phys. B 316 (1989) 80.

[59] G. Georgiou, K. Sfetsos, K. Siampos, Strong integrability of A-deformed models, Nucl. Phys. B 952 (2020) 114923,
arXiv:1911.07859 [hep-th].

[60] J.M. Evans, M. Hassan, N.J. MacKay, A.J. Mountain, Local conserved charges in principal chiral models, Nucl.
Phys. B 561 (1999) 385-412, arXiv:hep-th/9902008 [hep-th].

[61] C. Bassi, S. Lacroix, Integrable deformations of coupled o -models, arXiv:1912.06157 [hep-th].

[62] G. Georgiou, in preparation.

[63] B. Vicedo, On integrable field theories as dihedral affine Gaudin models, arXiv:1701.04856 [hep-th].

[64] E. Delduc, S. Lacroix, M. Magro, B. Vicedo, Assembling integrable o-models as affine Gaudin models, J. High
Energy Phys. 1906 (2019) 017, arXiv:1903.00368 [hep-th].

[65] K. Costello, M. Yamazaki, Gauge theory and integrability, III, arXiv:1908.02289 [hep-th].

[66] F. Delduc, S. Lacroix, M. Magro, B. Vicedo, Integrable coupled sigma-models, Phys. Rev. Lett. 122 (4) (2019)
041601, arXiv:1811.12316 [hep-th].

23


http://refhub.elsevier.com/S0550-3213(21)00037-7/bibA8137929265F15390306C438555685C2s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib637AD8B81390DA9F08945F55FF8AC70As1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib637AD8B81390DA9F08945F55FF8AC70As1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib04534B312FCFE3401439BCFEAD6E3565s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib04534B312FCFE3401439BCFEAD6E3565s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibA55B67C2276B39E3AE7AF83914BB45D8s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibA55B67C2276B39E3AE7AF83914BB45D8s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib297AD6870DAFEE08640E95C7F16AC99Fs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib297AD6870DAFEE08640E95C7F16AC99Fs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibF727D58D972A0C802317093A116EED58s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibF727D58D972A0C802317093A116EED58s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib8C4E90BFC6A0BF645AE8522DF631F062s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib8C4E90BFC6A0BF645AE8522DF631F062s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib71B0D45E1C1CDDF32027F52C7D6A9109s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib71B0D45E1C1CDDF32027F52C7D6A9109s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib88BBFDBEAB6F131692CAC2E0E5CD4B67s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib88BBFDBEAB6F131692CAC2E0E5CD4B67s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibBCFA6D5C716D39F7950F41158259B19Bs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib88F0D896A60A5EDD92011FA939E5DEAFs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib660BBEC5EF0BDE86E8E29889BFE1A102s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib660BBEC5EF0BDE86E8E29889BFE1A102s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib50568D0ABD9AAC4ABD42FCE26764BDD9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib50568D0ABD9AAC4ABD42FCE26764BDD9s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib67979B678F6500FB6B85715DDC2BE0E7s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bibEEE5CE96B98C9E6A89AB91948CEB149Bs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib538E5BE29BE2D3EF404068345179C997s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib538E5BE29BE2D3EF404068345179C997s1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib51EFDA86C7E9B3BFFB570AFC44B63C8Bs1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib11BDBF10A0A3DBD47B208EA515C96C6Es1
http://refhub.elsevier.com/S0550-3213(21)00037-7/bib11BDBF10A0A3DBD47B208EA515C96C6Es1

	Webs of integrable theories
	1 Introduction
	2 Coupling integrable theories
	2.1 Constructing the models and their diagrammatic representation
	2.2 Reading the σ-model from its diagram

	3 Proof of integrability
	3.1 Lax connections for a subset of equations of motion
	3.2 Infinite towers of conserved charges from the remaining equations of motion

	4 Coupling isotropic integrable theories
	4.1 Non-diagonal in the space of models deformation matrix
	4.2 Relaxing level conservation

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Comparison with other integrable models
	References


