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Why quantum computing?

1965 Moore law

• Computer power double 
for a constant cost every 
two years (since 1960)

PLATEAU

• Expensive and difficult 
nanofabrication 
techniques (<10nm!!)

• Quantum effects are no 
longer negligible
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Traffic

Earth Observation

Molecules and 
Materials

(VQE, quantum 
deflation, …)

looking for the 
minimum of a cost 

function

Combinatorial 
optimization 
problems

(QAOA, 
quantum 
annealing, …)

Portfolio 
optimization

Machine Learning
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Physical 
systems
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• Università di Napoli Federico II

• The main target is the realization of a scalable superconducting quantum computer employing a quantum
processor with a number of qubit larger than 5. This final target requires both assembling different
commercial components and developing state-of-the art advanced superconducting devices in an unique
machine operating at 10 mK. We are developing our protype buidling on well-established technologies
based on Al Josephson junctions and on control and read-out solutions based on consolidated microwave
protocols. At the same time we are searching novel hardware, custom cells and circuits to be integrated into
current architectures. The final system is aimed at being one node of the national quantum computation
facilities system, with the special feature of being scalable, open-source and open to hardware
implementations with time. With the awareness that nowadays quantum algorithms can better function on
specific architectures, we aim at offering to the national community a versatile machine which can evolve in
time. We are working on an architecture with more than 20 qubits.

Realization of a scalable superconducting quantum computer
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Sapienza Università di Roma

Titolo della Ricerca: Macchina avanzata di Boson Sampling e algoritmi di 
quantum machine learning

Obiettivi e risultati previsti
• Realizzazione e certificazione di una macchina avanzata di Boson

Sampling con n=5 fotoni e m=24 modi
• Algoritmi quantistici e Machine Learning su near-term quantum devices
• Quantum Deep learning per vantaggio quantistico su NISQ devices

Team di Lavoro
Referente Scientifico: Fabio Sciarrino (Dipartimento di Fisica)
Personale di Massa Critica: Fabio Sciarrino, Nicolò Spagnolo, Rinaldo Trotta, 
Claudio Conti, Francesco Basso Basset, Stefano Giagu, Andrea Messina 
(Dipartimento di Fisica), Massimo Panella (Dipartimento di Ingegneria 
dell’Informazione, Elettronica e Telecomunicazioni)

Attività in collaborazione con:
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INFN Spoke 10 – WP3 (Firmware and Hardware platforms)
Tasks and objectives:
1. Design of superconducting qubits.
2. Test at cryogenic temperatures single components for quantum circuits.
3. Setup of a cryogenic testbed for qubit control and readout.
4. Qubit characterization in a radiopure cryogenic environment.
5. Generation of control and readout pulses on a RFSoC board 
6. Test of quantum circuits with two or more coupled qubits.

5 INFN laboratories instrumented with dilution 
refrigerators and RF electronics
Research Units:
q LNF
q LNL
q LNGS
q INFN Roma
q INFN Pisa

Close collaboration with Uni MiB and CNR IFN
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Hybrid quantum-classical algorithms 

Memory available instead of QC
Doesn’t solve efficiently certain tasks

Solve hard problems with quantum 
algorithms

Input parameters

Quantum Computer 
output



Leonardo @ CINECA
Supercomputer

3500 CPU, 14000 GPU
Pasqal (neutral atoms)

300 qubits

Input parameters

Quantum Computer 
output

Hybrid quantum-classical algorithms 
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INFN Spoke 10 – WP1 Software 

• Studio dell’entropia di circuiti quantistici (Lorenzo Sestini – PD) 
• Obiettivo: migliorare training e struttura dei circuiti usati nel quantum ML

• Simulazione quantistica (Lorenzo Sestini – PD)
• Obiettivo: valutare Quantum Born Machines e Quantum GANs per simulare 

distribuzioni di variabili fisiche e risposte di rivelatori
• Tracciamento di particelle cariche con algoritmi quantistici (C. Bozzi –

FE)
• Obiettivo: valutare Graph Neural Network Quantistiche per il tracciamento di 

particelle cariche in ambienti densamente popolati degli esperimenti HEP 
futuri 

• In collaborazione con dottorando UNIFE, si sta aggiungendo un tecnologo a 
tempo determinato INFN (presa di servizio 15/05)
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Partecipazione UNIPV:

Dip. Fisica (A. Bisio, M. Borghi, M. Galli, D. Gerace, L. Maccone, C. Macchiavello)

Dip. Ingegneria Industriale e dell’Informazione (D. Bajoni)

Obiettivi e risultati previsti:

Noise deconvolution methods for qubits and qudits

Direct reconstruction of the Pauli Transfer Matrix of a channel

Estimation of multiple phases & generalization of QPEA algorithm 

Quantum cellular automata as a simulation tool for relativistic quantum fields

QQ artificial intelligent recognition of quantum properties, to speed-up quantum chemistry

simulations.

Reliable emission of a state of 6 to 10 identical photons delivered in independent channels 

with high spectral and temporal purity.

Realization of a two-mode integrated squeezer for Gaussian boson sampling. 
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University of Pisa
Development and Application of Quantum Algorithms, Control and Readout of Superconducting Qubits

TEAM (recruitment of RTDA and PhD still ongoing)
Dept. Computer Science: A. Bernasconi, F. Bonchi, G.M. Del Corso, F. Gadducci
Dept. Information Engineering: M. Macucci, M. Cococcioni, S. Di Pascoli, P. Marconcini, A. Michel, G. Pennelli
Dept. Mathematics: P. Boito, D. Trevisan
Dept. Pharmacy: E. Da Pozzo
Dept. Physics: V. Alba, C. Bonati, M.L. Chiofalo, M. D’Elia, V. Stanzione
EXPERTISE: nanoscale electronics; lattice simulations of fundamental interactions and condensed matter systems; programming 
languages, optimization and machine learning algorithms; biostructure analysis; engineering and simulation of qubit realizations.

MAIN GOALS AND EXPECTED RESULTS
Ø Development and benchmark for near-term quantum computers of different classes of quantum algorithms:

real time evolution, quantum variational eigensolvers, quantum machine learning, quantum thermal sampling, 
quantum Markov chains, implementation of error mitigation techniques;

Ø Application of quantum algorithms to a variety of problems and topics: gauge theories and Fundamental 
Interactions, condensed matter systems, Quantitative Biology, protein dynamics prediction, quantum models for 
neuronal networks, Quantitative Finance, quantum walks in discrete time, optimal quantum transport;

Ø Control and readout of superconducting qubits: Design of hardware and firmware components for the control and 
readout of superconducting qubits, exploiting an FPGA-based board; implementation of a pulse generator system 
for control and readout of a two-qubit system.
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Digital twin of a 
Rydberg atom quantum computer 

T. Felser, S. Notarnicola, S. Montangero PRL (2021)
D. Jaschke et al arxiv:2210.03763
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Thank you!


