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1. Characterization of molecular spins for quantum technologies by conventional and 

innovative magnetometric techniques 
 

This PhD thesis deals with the magnetometric characterization of molecular nanomagnets, which represent 

ideal test beds for new quantum technologies. A particular aspect that will be studied regards the magnetic 

relaxation mechanisms in crystals containing magnetic molecules, because relaxation and, more generally, 

decoherence constitute a major obstacle in the envisaged technological applications [1]. Single crystal and 

powder experiments will be carried out based on conventional AC and DC SQUID magnetometry, aimed at 

probing the magnetization behavior and the quasi-elastic dynamic susceptibility. A Cantilever Magnetometry 

probe especially suitable for microcrystals will be utilized to obtain information on the magnetic anisotropy. 

Innovative magnetometric techniques will be also explored, based on DC micro-SQUIDs operating in a 

dilution refrigerator, which will be able to detect the magnetic moment and the dynamic susceptibility of tiny 

crystals of molecular qubits at very low temperatures (below 100 mK) [2].  
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2. Realistic modelling of molecular qubits. 
 

Quantum technologies exploit quantum mechanics to build devices that are impossible in a classical 

framework. Several hardware implementations have now been proposed and tested, most notably trapped 

ions and superconducting qubits, but the performance of working devices is still limited by intrinsic physical 

limitations of the hardware, and the margins of further improvements do not appear to be substantial.   

Molecular nanomagnets (MNMs) constitute an alternative promising platform, whose full potential hasn’t 

yet fully explored and developed. On the one hand, these clusters of magnetic ions can be used to encode 

qubits, with chemical engineering of the spin couplings providing distinctive benefits for processing 

information [1]. On the other hand, MNMs constitute an unparalleled platform to implement an 

unconventional, little-explored paradigm for quantum technologies, i.e.,  encoding the information in multi-

level units (qudits). This opens new possibilities both in the design of quantum simulation algorithms, and in 

the target of designing a viable quantum-error-corrected hardware [2,3]. 

The purpose of the present thesis is the development of realistic models for molecular qubits and qudits, for 

the simulation and optimization of quantum algorithms, and for the design and interpretation of “proof-of-

concepts” experiments exploiting magnetic resonance techniques. These activities require both the 

characterization of the molecular spin dynamics by advanced simulation techniques, and the development 

of digital quantum computation schemes. 
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This research will be performed within  the National Quantum Science and Technology Institute (NQSTI) 

project of the NextGenerationEU Plan (PNRR, and will require collaboration with coworkers and national or 

international partners. 
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3. Controlling open quantum systems 
Quantum computing builds on established techniques for initializing, coherently manipulating and reading 

out quantum states. The involved states must be protected from decoherence. States generated by 

continuous driving yield efficient coherence protection, even for weak driving fields, in a robust, 

experimentally accessible way. A bottleneck, however, is the difficulty in performing fast, high-fidelity 

initialization into individual, well-defined states and their temporal evolution. This Ph.D. project wants to 

overcome these limitations with a twofold approach: (1) employing recently developed protocols for 

“shortcuts to adiabaticity” to the coherent control of open quantum systems relevant for state-of-the-art 

experiments; (2) applying techniques to counteract decoherence (shortcuts, dynamical decoupling and error 

compensation protocols) specifically to universal quantum gates and new types of quantum error correction 

protocols enhancing their respective performance in time and fidelity. 
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