
Theoretical Condensed Matter Physics 
Giuseppe A. Falci (giuseppe.falci@unict.it) 

Dipartimento di Fisica e Astronomia «E. Majorana» 

Università degli Studi di Catania

Advisory Board meeting, Catania, May 28, 2026

Condensed Matter &

Quantum Technologies



Condensed Matter & Quantum Technologies Group
2023-26 – GSD Phys-04

PO
❍ Giuseppe A. Falci    
❍ Luigi Amico
❍ Elisabetta Paladino

PA
❍ Giuseppe G.N. Angilella  
❍ Francesco M.D. Pellegrino
❍ Alessandro Ridolfo   

RTDB
❍ Luigi Giannelli (02/B2)

RTDA
❍ Giuliano Chiriacò
❍ Roberto Grimaudo

Post-doc & PhD students 
❍ G. Chiatto, G. Anfuso, D. Fasone, M. Parisi, 

R. Cantone, S. Cordovana, E. Domanti, P. Kitson. 

W. Chetcutii, V. Varrica, F. Bonasera, N. Macrì, 

S. Mukherjee, E. Martello, B. Tomasello, A. Verga

Last AB
meeeting



Main research directions 
2023-26

Non-linear dynamics of artificial atoms

Open quantum systems

Quantum Condensed Matter 

Atomtronics

Artificial Intelligence for Quantum 



Key Metrics
2023-26

94 Publications & 39 Invited talks. 
❍ Papers Include 2 Science, 2 Nature Comm., 1 Phys. Rep., 1 APL perspective, 2  Phys. 

Rev. Lett., 1 APL, 1 APL Quantum, 3  Comm. Physics,  9 Quantum Sci. and Tech., 8 

SciPost, 5 Phys. Rev. Res., 1 Phys. Rev Appl., 1 Machine Learning Sci and Tech. 

Event organization 
❍ 5 International Conferences + 2 Symposia
❍ 3 NQSTI National conferences 
❍ 2 workshops & 1 PhD School 
❍ 1-st National meeting on Technological transfer in Quantum Technologies

Grants/Funding  
❍ PE – NQSTI: National Quantum Science and Technology Institute (~ 10 M€)
❍  CN – ICSC: High-performance Computing, Big Data, Qauntum Computng (~1 M€)
❍  Julian Schwinger Foundation grant ‘Rydberg Atomtronics’ (270k USD). 
❍ 3 PRIN projects
❍ 1 Quantera - SIUCS
❍ External funding for 4 PhD positions Unict, by MUR, ACN,  Technology Innovation 

Institute, Abu Dhabi
❍ PON Q-SUD (~1.1 M€)
❍ PON QUANTAS
❍ Quantum Flegship: European Quantum Academia (100 nodedes, ~20 M€)



Extended visits and joint publications
❍ Aalto University, Espoo (E. Paladino, G. Falci)
❍ CNRS-Grenoble (L. amico, G. Falci)
❍  Technology Innovation Institute, Abu Dhabi (L. Amico)
❍ ICTP-Trieste (G. Chiracò, E. Paladino)
❍ Queen’s University (S. Mukherjee)
❍ Uni Saarbrucken Uni. (L. Giannelli, G. Anfuso)
❍ Uni Ulm (G. Chiatto)
❍ Uni Parma, Insubria, Genova, Palermo, Messina, Regensburg, Leonardo S.p.A.

Joint publications also with 
❍ Riken-JP (A- Ridolfo)
❍ SNS-Pisa, College de France (F. Pellegrino)
❍ Uni Regensburg (E. Paladino)
❍ Uni Parma, Padova, Insubria, Genova, Palermo, Messina, Leonardo S.p.A.

 

Main Collaborations
2023-26



A deep-strongly coupled flux-qubit–LC-resonator vacuum 

induces parity-symmetry breaking in a dispersively 

coupled Xmon probe.  

Flux qubit in the USC regime acting as an effective 

nonlinear coupler between one- and two-photon Fock states.
◊                                                               

Few-body QPT in a two-qubit 

Quantum  Rabi Model
◊ Phys. Rev. Research 6, 043298 (2024)

◊ → two-qutrits  arXiv: 2604.20363 

Non-linear dynamics of artificial atoms 

Nat. Commun. 16, 8730 (2025)

Nat. Commun. 14, 4397 (2023)



Non-linear dynamics of artificial atoms 

Ultrafast intercore computation between distant solid-state QPUs
❍ Operations (state-transfer, SWAP, multipartite entanglement 

generation/routing) in modular q-computer architectures exploiting 

USC q-interconnects may achieve fidelitues/speed comparable 

with intracore operations 

(in preparation 2026)

❍ On-chip quantum communication

◊ Cordovana et al. WPJ-ST (2025)

Detecting ground-state virtual photons in a USC 

atom-cavity system  
❍ Via coherent enhanced photon-pair conversion

◊  Phys. Rev. Res. 6, 013008 (2024)

Dissipative micromaser quantum battery
❍ Optimize qubit state and interaction time to maximize Ergotropy 

during charging and stabilize Ergotropy after charging
◊ M. Crotti et al. Quantum Sci and Tech. (2026), DOI:10.1088/2058-9565/ae6fe5



Superconducting qubits as quantum simulators for attracting bosons

Non-linear dynamics of artificial atoms 

Physics characterized by a large ‘local Hilbert space’ (ex ~2 billions 

size for 15 bosons on 20 sites): challenging to simulate with classical 

machines.
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Φsynth

Quantum walks

 Physics can be captured by arrays of superconducting 

qubits

Dynamics of bright solitons in networks of sc qubits

Amico’s group: Phys. Rev. Research 5, 033130 (2023)



Open Quantum Systems

Non-Markovianity and Entanglement Dynamics 

◊ New quantum trajectories protocol for non-Markovian dynamics PRB 108 075151 (2023)
◊ Entanglement transition in non-Markovian systems, SciPost Physics Core 7 011 (2024)
◊ Non-Markovian noise can increase entanglement, PRB 111 014312 (2025)
◊ Entanglement scaling properties in free fermions, PRB 112 174311 (2025)
◊ New measure of non-Markovianity in fermionic systems, EPJB 98, 205 (2025).
◊ New measure of non-Markovianity in qubit-impurity systems (in preparation)

Quantum 1/f Noise in the Spin-Boson Model
❍  Novel quasi-coherent phase by QUAPI + TEMPO simulations

Dynamical decoupling while processing 

an entangling two-qubit gate
❍ Decoupling longitudinal noise 
❍ Quantum spectroscopy of non-Gausiianity



Quantum Condensed Matter

Cryogenic cavities
❍ Dissipative control of the critical temperature in optical cavities 

◊ PRB letters 110, L161107 (2024).

❍ Engineering of non-thermal states
◊ Quantum 10, 1983 (2026). 

Hybrid superconducting devices: 2D materials & 

graphene Josephson junctions

❍ superconducting current–phase relation and low-energy spectrum 

dependence on the light–matter coupling, carrier density, 

temperature. Varrica et al.  ArXiv:2603.07256 (2026).

❍ signatures of spontaneous time-reversal symmetry breaking and 

emergence of hybridized light–matter excitations 

Bonasera et al. Eur. Phys. J. Spec. Top. (2025)



Quantum Condensed Matter

Thermal transport in artificial-atom cavity 

systems rectification in the Quantum Rabi model

◊  Magazzù et al. Phys Rev Res 2025; Quantum Sci. Technol. 2025;  PRB 2024 

❍ Heat current rectification
❍ Non-linear transport regime
❍ Coherences suppress heath transport enhancing rectification
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Hybrid Dicke-like quantum battery architecture 

based on Andreev bound states in GJJ
❍ longitudinal couplings specific to superconducting circuits 

impact on energy storage and charging protocols via the 

enhancement of two-photon processes.
◊ Varrica et al.  ArXiv:2605.22582 (2026)



Atomtronics

• Theoretical prediction of Shapiro steps in atomic JJ

Amico’s group  Phys Rev. Lett. 133 (9), 093401 (2024)

• Experiments

 6Li:  Del Pace, Hernández-Rajkov,  Singh,  Grani, Fernández, Nesti, 
Seman, Inguscio,  Amico, Roati  Science 390 (6778), 1125 (2025)

 87Rb: Bernhart, Röhrle, Singh, Mathey, Amico, Ott, Science 390 (6778), 
1130 (2025)

 First time access of microscopic dynamics in driven coherent 
systems 

Bosons

Fermions

• Controlled 3d interacting Vortex 

dynamics in atomic JJ, PNAS 

2026

Driven atomic Josephson Junctions



A tutorial on optimal control and reinforcement learning methods for quantum 

technologies. L Giannelli et al.  Physics Letters A 434, 128054

Multilevel quantum sensors of time- energy- and space-correlated solid state noise
◊ Machine Learning: Science and Technology 5, 045049 (2024); , APL Quantum 3, 026108 (2026) 

ML-aided Optimal Control (OC) of a noisy qubit: a graybox approach

◊ R. Cantone, S. Mukherjee, L. Giannelli, E. Paladino, and G. Falci, arXiv:2507.14085

 

Artificial Intelligence for Quantum

Two-qubit sensor
Non-Markovian (quasistatic):

1. Correlated

2. Anti-correlated

3. Uncorrelated

Markovian 

(memoryless):

4. Correlated

5. Anti-Correlated

6. Uncorrelated

Noise models



Education & Outreach 

Master in Quantum Science and Technology 

Italian Quantum Weeks: mostra interattiva rivolta agli studenti delle 

scuole superiori. In occasione del World Quantum Day 14/04

Corsi di formazione su tecnologie quantistiche rivolti alle imprese 

Tirocini presso imprese (disponibili anche per studenti di magistrale)

European Quantum  Academy
◊ Possibilità di mobilità studenti presso 70 partner del progetto per corsi/tirocini/scuole estive

◊ Eventi di outreach europei

◊ Periodo di dottorato all’estero “Pioneering European Excellence in Doctoral Training”

Quant’Arte Festival (Milano 2025)



Two strategic developments

Materials for Quatum: Integrated collaboration with the Material for 

Quantum Technologies lab established in NQSTI

   

Technology transfer in Quantum Technologies

◊ Quantum observatory

◊ Applied research with companies 
◊ quantum sensing and computing 



Thank you

for the attention

Condensed Matter &

Quantum Technologies
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