
TMC2023                                                         Athens (Greece) 

Macroscopic Quantum Tunneling of a Topological Ferromagnet 

 
Charles Gould 
Kajetan M. Fijalkowski, Nan Liu, Pankaj Mandal, Steffen Schreyeck, Karl Brunner, and Laurens W. 

Molenkamp 

Faculty for Physics and Astronomy (EP3), Universität Würzburg, and Institute for Topological insulators 

(ITI), Am Hubland, D-97074 Würzburg, Germany 

gould@physik.uni-werzburg,de 

 

Since the early days of quantum mechanics, physicists have been trying to understand how 

the laws governing the microscopic world merge into those describing the classical 

mechanics at macroscopic size scales. A trademark quantum mechanical phenomenon 

that has no direct analog in classical physics is quantum tunnelling between different 

eigenstates of the system. This posed an intriguing question regarding the possibility of 

existence of quantum tunnelling in systems that can be regarded as macroscopic.  

 

Only in the recent couple of decades the experimental techniques have reached a level of 

advancement that allowed to directly address that question experimentally. This was done in 

the context of macroscopic quantum tunnelling between different states in the Josephson 

junctions [1], as well as quantum tunnelling of magnetic domain walls [2], and magnetization 

[3] in magnetic systems. 

 

Here, we investigate the electronic transport in a (V,Bi,Sb)2Te3 ferromagnetic topological 

insulator nanostructure in the quantum anomalous Hall regime. This provides access to the 

dynamics of an individual ferromagnetic domain. Telegraph noise resulting from the 

magnetization fluctuations of this domain is observed in the Hall signal. Careful analysis of 

the domain switching statistics provides evidence for macroscopic quantum tunneling of 

magnetization [4]. This ferromagnetic macrospin is not only the largest magnetic object in 

which quantum tunneling has been observed, but also the first observation of the effect in 

a topological state of matter. 
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