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Formation and detection of Majorana modes in quantum spin Hall trenches 
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We propose a novel realization for a topologically superconducting phase hosting Majorana zeromodes on the basis 
of quantum spin Hall systems. Remarkably, our proposal is completely free of ferromagnets. Instead, we confine 
helical edge states around a narrow defect line of finite length in a two-dimensional topological insulator. We 
demonstrate the formation of a new topological regime, hosting protected Majorana modes in the presence of s-
wave superconductivity and Zeeman coupling. Interestingly, when the system is weakly tunnel-coupled to helical 
edge state reservoirs, a particular transport signature is associated with the presence of a non-Abelian Majorana 
zero-mode.                                                                                                              
 

           

Fig. 1: The setup we analyze. It consists of a long constriction 
between the helical edges of a two-dimensional topological 
insulator. The constriction implements a novel type of mass 
at the helical edge. The system is proximitized with an s-wave 
superconductor and a magnetic field is applied. The 
ingredients just mentioned are enough to the 
implementation of Majorana fermions 

Fig. 2: The topological phase extends for a wide range of 
parameters. Moreover, it is detected almost unambiguously 
through transport experiments. Such a special property is 
enabled by the fact that the system is naturally embedded in 
a two-dimensional structure with helical contacts. Moreover, 
the structure we envisioned seems easy to scale in terms of 
number of Majorana fermions. 


