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Advanced Theoretical methods for emerging 2D materials
in Quantum Information Technology Studies



Aim:

 Investigate the electronic and optical properties of two-dimensional materials

that may impact on quantum technology and quantum information processing

 Exploit, and further develop, theoretical tools relying on ab-initio methods

(density functional theory, many-body perturbation theory and open quantum system theory).

The challenge:

Identify new systems and technologies overcoming the limits of current strategies, to achieve:
e Scalability
 High (ambient) operating temperature

* Long decoherence time

Define protocols to manipulate peculiar quantum states suitable for realize solid state qubits

operating at room temperature.



Why 2D materials are promising
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Combination/deformation

Excitons with tunable properties
(depend on the registry/strain)

Superlattices of single photon emitters
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New “exotic” phases
Non-equilibrium excitonic-insulators —> superfluid with qubit state given by 1 or 2 exciton above the

condensate

Majorana fermions



Specific Objectives:

Characterize atomic defects and impurities in 2D materials (hBN, TMD)

Investigate how Moiré patterns and strain modify the properties of excitons in 2DM

Exploring exotic phases

Identify system suitable for quantum devices through methods borrowed from quantum

metrology and quantum information

Theoretical methods:

 Density functional theory —> ground state properties

e Many body approaches (GW+BSE) —> excited-state properties

(optical properties, spin non-conserving transitions, excitonic properties)

e Quantum metrology and QI theory —> identify and characterize quantum devices (coherence,
quantum correlation).

Define specific protocols for applications in metrology, sensing, quantum communications
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