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Quantum systems with more than two levels, 

or qudits, can store more information and 

enable more efficient operations than 

standard qubits. Single-molecule magnets 

(SMMs) are promising qudit platforms thanks 

to their magnetic anisotropy, long spin-

relaxation times, and naturally occurring 

multilevel spin states. 

In this work, we compare two methods for 

driving transitions between SMM spin states: 

π-pulse control, which uses resonant 

magnetic fields, and the quantum Zermelo 

navigation approach, which yields the 

time-optimal Hamiltonian for a given state 

transfer. Our analysis shows that π-pulse 

control is constrained by strict timing 

requirements, while the Zermelo method, 

though optimal in principle, poses significant 

challenges for physical implementation. 
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Figure 1: (a-c) Eigenenergies of the different 

molecule eigenstate. (d-f) Associated Bohr 

frequencies for adjacent eigenstate transitions. 

 

 
 

 
 

Figure 2: Orthogonal decomposition of the (a) 

Zermelo Hamiltonian, (b) x−component, (c) 

y−component and (d) z−component angular 

momentum operators in the Kronecker product 

basis. 

 

 

 

 

 

 

 

 


