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QUART&T: Goal

The QUantum Architectures for Theory & Technology (QUART&T) project aims to develop 
demonstrator quantum architectures, establishing the foundation for experimental platforms 
where theoretical models and phenomena of interest to the INFN can be tested.

The project goal and the crucial optimizations will be 
reached through:
1. Simulation and Design of quantum systems in 2D 

and 3D technologies;
2. Fabrication of circuits with S.C. resonators and 

qubits;
3. Software and hardware for qubit characterization, 

measurement, control and readout;
4. Theories and algorithms for quantum simulation, 

sensing and machine learning.

A quartet of crucial optimizations:

1. All-to-all connectivity;
2. Tunable couplings;
3. Higher-dimensional systems (Qudits);
4. Circuit Quantum Electrodynamics
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QUART&T: Quantum simulations
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Advances in Physics: X 3(1), 1457981 (2018)

A.G.

Controllable pulse drive

(a) Digital simulation: 

Trotter–Suzuki decompositions: digital sequence tries to reproduce a targeted quantum evolution 

(b) Analog simulation: 

Controllable system with evolution Hs mimics almost one-to-one that of the simulated system Hs

(c) Digital Analog Simulation:  

Combines analog blocks  that naturally appear in the simulator with digital gates

https://doi.org/10.1080/23746149.2018.1457981


Examples of quantum simulations of interest 

• Nuclear reactions and dynamics - Phys. Rev. A 108, 032417 (2023)
▪ neutrino-scattering in SN explosion and neutron star cooling
▪ cross sections for dark-matter searches and neutrino physics

• Lattice Quantum Chromo Dynamics (QCD) - Phys. Rev. Res. 5, 033184 (2023)
 

• Circuit Quantum Electrodynamics – Nat. Comm. 14, 3263 (2023)

▪ Simulation of relativistic QM, Dirac equation



The essential parts

1. Tunable couplings

2. All-to-all connectivity
▪ Qubits coupled to a common bus 

resonator allow all-to-all coupling
▪ Entanglement via tuning near

common resonances

3. Qubits →Qudits

4. cQED

npj Quantum Inf 9, 40 (2023)
Phys. Rev. X 11, 021058 (2021) 
arXiv:2405.00873 [quant-ph]

https://doi.org/10.1038/s41534-023-00712-w
https://doi.org/10.1103/PhysRevX.11.021058
https://arxiv.org/abs/2405.00873


Achieved in QubIT

3d Transmon qubit (TII, Abu Dabi) in SC 3d 
cavity (INFN-LNL), measured at INFN-LNF

New transmons developed by CNR-INF

2d Xmon qubit (NIST) in SC 3d cavity (INFN-LNL), 
measured at INFN-MIB cyolab.

Flux-bias line to tune the energy spacing between
states



First italian qubit at FBK – 2d Xmon



QUART&T: Involved Groups 

8

8 INFN Units
● INFN Bologna
● INFN Ferrara
● INFN Firenze
● INFN Lecce
● INFN Milano
● INFN Milano Bicocca
● INFN Gruppo Collegato di Salerno (INFN Napoli)

2 INFN National Laboratories 
● INFN Laboratori Lazionali di Frascati (LNF)
● INFN Laboratori Lazionali di Legnaro (LNL)

1 INFN Research Center
● Trento Institute for Fundamental Physics and Applications 

(TIFPA).

2 External Research Centers
● Fondazione Bruno Kessler (FBK, Trento)
● Istituto di Fotonica e Nanotecnologie (CNR-IFN, Roma)

A.G.



Group’s size



Budget – 3 year’s plan

Chip production (FBK)
25 k€ / year

Chip production (CNR-IFN)
20 k€ / year

Cavity production (INFN-LNL)
5 k€ / year



Working Packages



Assegnazioni economiche generali



Assegnazioni – dettaglio BO



Working packages - aggiornati



Date kick-off

h 9-13,  14-18

il 10/2
h 8-12, 14-18



Info ANSYS

• Piattaforma disponibile
• Istruzioni (datate): https://web.pd.infn.it/CCR/6-ansys-enab
• Bisogna registrarsi poi indirizzare il license server lm-ansys.infn.it

• Si usano sempre le porte standard dei vari licence manager, per cui è sufficiente istruire 
l’installazione con il solo nome del server

• Ansys CFD, EM ed HFSS
• Anche licenze di  Granta, Lumerical e Zemax
• Da Ingegneria serve una VPN INFN

• Il controllo viene fatto anche sullo user id di chi si registra (un utente non registrato non 
può accedere al software)

https://web.pd.infn.it/CCR/6-ansys-enab
mailto:lm-ansys@infn.it


Attività BO

• Manipolazione/readout tramite 
Xilinx/AMD ZCU111 (gen.1) + ZCU208? 
(gen.3)

• Matteo Franchini

• Filtro di Purcell
• Simona Zaccaria

• Sarà possibile anche partecipare a WP 
diversi da quelli in cui formalmente ci si 
trova

• Definire un giorno/ora che vada bene a 
tutti per briefing regolari (al momento 
opportuno)
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