
Timo Hyart 
Warsawa University 

Aalto University 
 
 

Spintronics and quantum computing in hybrid devices combining magnetism, 
superconductivity and topological properties 

 
 
 
I start by briefly describing the conditions for the existence of zero-energy impurity 
states in different classes of topological insulators and superconductors, and their 
relation to topological phase transitions [1]. Then I will demonstrate that these states 
can be utilized in quantum computing using spintronics techniques [2,3]. Finally, I will 
discuss pumping of charge, spin and heat due to the precession of a ferromagnet’s 
magnetization direction in a superconducting quantum spin Hall insulator device [4]. 
This device supports two robust operation regimes arising from topological effects. In 
one regime, the pumped charge, spin and heat are quantized and related to each other 
due to a topological winding number of the reflection coefficient in the scattering matrix 
formalism -- translating to a Chern number in the case of Hamiltonian formalism. In 
the second regime, a Majorana zero mode switches off the pumping of currents owing 
to the topologically protected perfect Andreev reflection. The interplay of these two 
topological effects can be utilized so that the device operates as a robust charge, spin 
and heat transistor. 
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