
   Metamaterials 

       (such as electric-circuit

    networks, or coupled pho-

   ton resonators) allow for con-

  trolled experimental realiza-  

   tions of designed systems on 

    arbitrary lattices. Even lat-

     tices in negatively curved

      space, which can not be     

           realized with crystal-

                       line solids.
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Band nodes 

  give rise to mass-

less fermions, such

 as Weyl and Dirac,

  but also to more     

    intricate ones .
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What we do

We are a theory group working in the field of condensed matter

physics, and our research focuses on mathematical characterization

and the study of experimental fingerprints of topological phases of

matter. This includes topological aspects of electron energy bands in

crystalline solids, notably in topological insulators, semimetals, and

superconductors. We also investigate artificial systems (i.e.,

metamaterials and “synthetic matter”), including lattices with non-

Euclidean geometry and emergent curvature, periodically driven set-

ups, as well as dissipative systems with non-Hermitian Hamiltonians.

Fragile 

       and delicate topologi-

     cal invariants can arise 

 in systems with a restricted

number of energy bands.

They are missed be the usual

(K-theory) classification tech-

   niques, but can be revealed 

    with symmetry indicators

         or with homotopy

                groups.

Semimetals 
           are materials whose
       Fermi surface consists of
    (or is near to) degeneracies
 – so-called nodes – of valence   
and conduction energy bands.
These nodes can be points
or lines in the k-space, and      

are protected against per-
turbations by topologi-
-cal invariants.
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Strong

           correlations give
     rise to exotic topologically
    ordered phases with fractio-
   nal excitations, such as quan-

tum spin liquids. The strength
  of  correlations  is  enhanced
    in flat energy bands that

arise in lattices with frus-
trated hoppings – such

as kagome and
Lieb.

Exactly 

   solvable Kitaev   

 spin liquid model   

 can be defined on   

 any tri-coordinated

   graph, including 

       honeycomb. 

We developed a 
pair of packages, called   
HyperCells (for GAP) and      

HyperBloch (for Matematica)
which leverage group theory      
and hyperbolic band theory      

to enable efficient computation     
of energy spectra of models

in the negatively curved
hyperbolic 

plane. 

Quasicrystals,    

  such as Penrose
 (left) and Amman- 

Beenker (right), are
 obtained by slicing 
    cubic lattice in 

      5D resp. 4D.

We also 

           consider models     
         with unconventional 

      geometry and without the   
    usual translation symmetry.  
  For example, Hyperbolic lat-

tices and Cayley trees can be   
   understood as regular graphs     
     in curved space and simu-
         lated in classical and  
               quantum plat-
                       forms.
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Gauge 

              structures can 
        be realized by flipping the
  sign of the hopping on certain
   bonds and correspond to mag.
    fluxes through certain regions.
     The  resulting  models  have  
        altered representations of 
         symmetries, thus chan-
          ging the dynamics of

the electrons.

Euler class

of two Dirac nodes

depends on the

     choice of a        

           region.
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While 
          topological invariants
      are typically captured by
    Abelian groups, such as Z2 

      or integers, we showed that 
   band nodes in certain crystals
   carry a non-Abelian invariant.
    As a consequence, whether
       two band nodes can be
       annihilated depends on
                their trajectory.
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By experimentally

studying resonances of 

a hyperbolic circuit 

network, we revealed 

 an emergent nega-

       tive curvature.
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