
 

 
 

  

Title of the PhD thesis:                           

 
Duality and resurgence in integrable sigma-models 

 
 

 

 
 

Physical systems are in general too complex to study directly. 
Computational hurdles can often be circumvented by isolating the 
problem to a simplified and solvable setting. Such systems that display 
complex phenomena whilst remaining at the same time tractable to 
computations are called “integrable”. Alternatively, one can look for 
dualities that relate seemingly different but dual systems. Dualities often 
enable one to translate a problem that is computationally difficult into a 
simpler problem in the dual system. 
 
String theoretic models are no exception and in practice, integrability 
and duality symmetries are used to explore the landscape of possible 
string models. A particular duality in string theory, called T-duality, is a 
strange consequence of studying strings in the presence of compact 
dimensions. In its simplest form, T-duality states that a propagating 
string cannot distinguish between a compact dimension with a large or 
small radius. Although being an exact symmetry of string theory, in the 
current formulation of string theory, T-duality is hidden. Remarkably, by 
doubling the spacetime dimensions T-duality can be implemented, using 
the framework of Double Field Theory, as a manifest symmetry.  
 
This thesis revolved around so-called integrable deformations where the 
notions of integrability and T-duality converge. These models are based 
in particular integrable systems which admit multiple parametric 
deformations whilst preserving the property of being exactly solvable. 
Surprisingly, different classes of integrable deformation turn out to be 
related by a generalised form of T-duality called “Poisson-Lie T-duality”.  
 
We studied a class of integrable deformations known as 𝜂 - and λ-models 
and their behaviour under Poisson-Lie T-duality. We constructed a 
formalism, inspired on Doubled Field Theory, where Poisson-Lie T-duality 
can be made manifest and computational complexity reduces 
significantly.  In addition, exploiting the integrable 𝜂-deformation, we 
studied the non-perturbative aspects of this theory by applying the ideas 
of resurgence theory. This work provides further evidence that the 
divergent character of perturbation theory can be resolved and 
superseded by applying the Alien calculus suggested by the theory of 
resurgence. 
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