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Past Research track

The computation of exact S-matrices is one of the main challenges in the context of quantum integrability. Exact

S-matrices describe the interaction among the excitations displayed by integrable models, and hence they are of

great physical importance. Extensive investigations on exact S-matrices were carried out in a series of articles in

collaboration with R. Nepomechie, and also as personal projects and in collaboration with L. Mezincescu, while

I was a PhD student in U. of Miami  [1-8]. We used the existing symmetries to classify excitations, and we

computed the S-matrix elements corresponding to these states. More precisely, in the open SU(N) integrable

chains with diagonal boundary magnetic fields were also investigated. Due to the boundary magnetic fields the

quantum group symmetry SU(N) breaks to a lower symmetry. Using the residual symmetries, we computed the

corresponding boundary S-matrices. This was the first direct calculation of boundary S-matrices for a model

with symmetry algebra of rank greater than one.  This path of research was also continued while I was a research

fellow in York [11, 12] where exact boundary and bulk S matrices associated to certain principal chiral models

were computed via the Bethe ansatz methodology.  Moreover as a postdoctoral researcher in Bologna I was

involved with the computation of Bethe ansatz equations for spin chains with non-diagonal boundary conditions

for generic representations [29, 32, 35, 36].

The thermodynamic Bethe ansatz (TBA) method is a powerful means for investigating the thermodynamic and

conformal properties of integrable systems. Such studies were initiated as a personal project although part of it

was done in collaboration with A. Bytsko from Steklov Math. Inst., St Petersburg, while I was a research fellow

in U. of York and LAPTH [14, 15, 19]. The TBA method was implemented to various discrete integrable models.

The high and low temperature behavior was investigated, and the central charge of the effective conformal field

theory was derived.  Furthermore,  generalized spin chains  in  the  presence of  a  quantum impurity and open

boundary conditions were investigated. The boundary free energy due to the non trivial boundaries was derived,

its  low and high temperature behavior was specified and the relevance to certain boundary conformal field

theories  was  discussed.  Note  that  the  thermodynamics  of  spin  chains  with  non-diagonal  boundaries  were

investigated for the first time. 

Also, in collaboration with the Annecy group and J.  Avan from the LPTM-U-Cergy, while I was a research

fellow in LAPTH, we presented a classification of reflection matrices related to (super) Yangian R-matrices. The

analytical Bethe Ansatz resolution was formulated for periodic and open spin chains with diagonal boundary

conditions, and the spectrum and Bethe ansatz equations were derived [16, 18]. These results have immediate

relevance to the gauge theories in the AdS/CFT context. Moreover, within the context of extracting Bethe ansatz

equations  for  models  with  non trivial  boundary conditions  [9,  10]  I  introduced novel  boundary conditions

(soliton non-preserving) for generalized higher rank spin chains, and I also generalized the analytical Bethe

ansatz methodology in order to solve such models. This line of research also continued with the Annecy group

[23, 25, 26, 28].

As a part of my collaboration with P.P. Martin from City U. London, and also as a personal project, while a

research fellow in U. of York and later in LAPTH-Annecy, and as a stuff member in U. Patras we developed a

systematic means for solving the reflection equation. We exploited the structural similarities between the so-

called cylinder braid group and the reflection and Yang-Baxter equations to solve these equations at the algebraic



level [13, 17, 20, 21, 22, 24, 27, 30, 31, 39]. The knowledge of such solutions is essential for deriving exact S-

matrices  of  the  relevant  physical  systems.  The  investigation  of  the  underlying  symmetry of  the  associated

physical models was also carried out. This was a personal project primarily motivated by the role of the quantum

inverse scattering method in the formulation of quantum groups. Such an analysis from the spin chain viewpoint

offers a novel, essential link between the boundary quantum algebras and the so-called affine Hecke algebras.

More precisely, the  duality of the two algebras was shown for the first time. This is a remarkable connection

facilitating the study of the spectrum of the relevant physical models. 

Derivation of solutions of the reflection equations via representations of the (super) Hecke algebras and study of

the underlying super-algebras was done pertly in collaboration with the PhD student N. Karaiskos  in U. Patras

[42,  43,  45].  Also  applications  of  the  quantum algebras  as  well  as  integrable  structures  emerging  within

AdS/CFT were studied in collaboration with J. Avan and K. Sfetsos from U. Patras and  are presented in [40, 46].

A systematic means to obtain consistent continuum limits that preserve integrability and  lead to special sigma

models arising also within the AdS/CFT correspondence was proposed.

Partly in collaboration with J. Avan, N. Karaiskos and the Bologna group  [33, 34, 37, 38, 41, 50, 51, 53, 55, 56]

and as a personal project a wide range of classical integrable models with non trivial boundary conditions that

preserve  integrability,  such  as  the  generalized  non-linear  Schrodinger  model  (NLS),  the  ATFT's  and  the

generalized (an)isotropic Landau- Lifshitz (L-L) models,  were investigated. These investigations were based on

the so called Hamiltonian formalism of classical integrable models associated to the existence of a classical r-

matrix. Within this context novel expressions of local integrals of motions as well as of  the associated Lax pairs

were derived from first principles based on the underlying Poisson algebra.  In particular, in ATFT's the notion of

soliton-preserving boundary conditions was introduced for the firs time, whereas the already known soliton non-

reserving  conditions  were  recovered  from  first  principles.  In  the  generalized  NLS  models  both  types  of

integrable boundary conditions were examined, while in the L-L model  soliton preserving boundaries were

basically discussed. In the same spirit the problem of a single integrable point-like defect was investigated in the

frame of the discrete and continuum NLS, novel fundamental expressions were extracted and the integrability

was systemically proven.  Again  the  whole  analysis  was  based  on the  Hamiltonian formalism.  A consistent

algebraic description of classical integrable defects in the context of classical integrable field theories was also

proposed with particular emphasis in the NLS, sine-Gordon and Landau-Lifshitz models. Moreover, in [57]-[60]

partly in collaboration with N. Karaiskos the study of quantum integrable defects and the derivation of the

transmission amplitudes in the frame of integrable quantum spin chains was achieved for the first time via the

Bethe ansatz formulation  for a variety of integrable lattice models

In collaboration with T. Ioannidou  from Aristotle University of Thessaloniki [47, 48, 49, 54]  we applied the

ADHMN construction to obtain the SU(n+1) spherically symmetric BPS monopoles with minimal symmetry

breaking.  In  particular,  the  problem  simplifies  by  solving  the  Weyl  equation.  This  construction  was  also

generalized for non-commutative SU(n+1) BPS monopoles. We also solved the full Weyl equation by exploiting

the existence of open spin chain-like part within the Weyl equation so quantum integrability techniques apply.  A

non-compact  version  of  the  Weyl  equation  was proposed,  based  on  the  infinite  dimensional  spin  zero

representation of the  sl(2)  algebra.  Solutions of the aforementioned equation  were obtained in terms of the

Kummer functions.  Pedagogical reviews on quantum and classical integrable models are presented in [44, 52].   
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