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Work description:  

Our current understanding of most of the interactions of elementary particles relies strongly on perturbative 
methods in quantum field theories (QFTs): calculations are organised in powers of a small parameter (typically 
the coupling constant that is related to the strength of the interaction among elementary particles) and truncated 
after a certain order. Such methods therefore work very well in the weak-coupling regime, where this truncation is 
well justified, and over the years impressive computational methods have been developed. Going beyond the 
weak-coupling regime is both technically and conceptually very difficult, but may be necessary, since there may 
exist symmetries and structures that are inherently of a non-perturbative nature (and thus invisible in an order-by-
order expansion in the coupling). 

The basic idea of this project is to exploit the technical progress that has been made in developing perturbative 
methods in order to compute intrinsically non-perturbative quantities. The starting point is a recent observation [1, 
2] that allows to decompose part of the non- perturbative free energy of a particular class of QFTs in terms of 
simple building blocks that can be computed very efficiently using perturbative methods. These theories are so-
called supersymmetric QFTs, which possess an additional symmetry that relates fermionic particles (which are 
the basic building blocks of matter) to bosonic particles (which are responsible for the transmission of forces 
between matter). While such a symmetry is not found at the energy scale of current collider experiments, it 
provides additional structure, which simplifies enormously many of the computations. Supersymmetric theories 
are therefore a very useful testing ground for new ideas and methods, which may then be extended to more 
realistic theories. 

Concretely, the particular theories considered in this project can be obtained from string theory (or some of its 
higher dimensional avatars, such as M-theory or F-theory) by means of various different constructions. Indeed, 
these conceptually very different approaches furnish complementary ways of studying these theories and in 
particular provide numerous calculational tools that allow us to probe even their non-perturbative aspects. 
Moreover, their intrinsic relation to string theory induces non-trivial dualities among distinct theories of this type 
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which differ in their gauge and matter-content [4]. As demonstrated in [5], these in turn lead to surprising 
symmetries for individual such theories, which are intrinsically non-perturbative in nature. Finally, these 
symmetries also provide an organisational principle for the spectrum of the QFTs, which has lead to the above 
mentioned decomposition of the fully non-perturbative free energy [1, 2] in terms of building blocks that resemble 
a Feynman diagrammatic expansion. 

The concrete goals of the project are threefold: 

• Understand abstractly the mechanisms behind the decomposition of the free energy in connection with 
the symmetries of the underlying QFTs. This task may be guided byinsights from various branches of 
mathematics, such as geometry, number theory or group theory. 

• Extend the decomposition to a larger class of theories with a more general matter content. The class of 
theories studied in the literature so far can be extended through various deformations or geometric 
generalisations. Preliminary results indicate that they also enjoy an organisational principle of their 
spectrum that leads to a similar decomposition of the non-perturbative free energy. 

• Explore the possibilities to apply similar techniques in realistic models. Concretely, in- vestigate the 
possibility to break supersymmetry in a controlled manner, which does not destroy the organisational 
principle of the spectrum of the theory, thus not spoiling the decomposition of the free energy. 
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