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TIME2QUEST

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



Aim:

 Investigate the electronic, spin and optical properties of two-dimensional materials

that may impact on quantum technology and quantum information processing —> novel qubits

 Exploit, and further develop, theoretical tools relying on ab-initio approach and QI 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 Scalable solid-state qubits
 High (ambient) operating temperature

* Long decoherence time

Define protocols to manipulate and control two level systems in 2D solid state qubits
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WP2 - Excitons in Moire
Twisted 2DMs



Focus on 2D materials

e Exotic and peculiar electronic, magnetic, optical, and structural properties
® Functionalization and combination (heterostructure)

e Controllable 2 level systems (| 0>, | 1> and their superposition) —> qubits
e Stable at room temperature, long coherence time, scalable

¢ Electronic and photonics degree of freedom

¢ Additional spin-valley degree of freedom
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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)

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

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

Computational projects:

e Three approved Iscra C projects @ CINECA (size 100’000 hours on CPU, 10’000 hours on GPU)
®* One submitted Iscra B projects @ CINECA (size 3’600°000 hours on CPU, 250’000 hours on GPU)

Experimental Collaborations:

e Nanoscale Foundries and Fine Analysis infrastructure
e POLIMI
e CNR-IMM



Activity (Sezione di Milano - Solid state physics theory group)

Magnetic defects in 2D materials

TOP-FCC Mn FCC

ACS Nano 15, 5449 (2021)

Mn and V atoms implanted in hBN (ongoing)

e Large unit cells - different possible stoichiometry
e Gap states

Density of states
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Mn atoms implanted in graphene

e Characterization of structural, electronic and
magnetic properties
e Support to the experiments
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(collaboration with Dr. Lino Pereira (Leuven))



Activity (Sezione di Milano - Solid state physics theory group)

2D Xenes

-Stabilize a particular phase of silicene among the ones usually observed on Ag(111),
via substrate surface decoration with Sn atoms forming a thin alloy film.
-Nanoengineering of 2D Xenes vertical heterostructures.

Single-crystal silicene growth
on Sn-engineerediAg(dif)s
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Activity (Sezione di Milano - Solid state physics theory group)

Novel 2D carbon materials (GDY)

- Tunable properties controllable through the choice of the precursors + substrate

- New structures poorly explored

- Potential topological properties
- Hybrid sp-, sp2 carbon

graphyne

graphdiyne

graphene

2D Mater. (2021) 8, 044014
ACS Appl. Nano Mater. (2020) 3, 12178-12187
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(collaboration with Prof. Casari (POLIMI))



