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La sfida delle Tecnologie Quantistiche
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ØCollocazione dell’INFN nel panorama delle TQ.

Ø  Panoramica delle attività in corso.

ØProspettive per il futuro.



Cosa si intende per Tecnologie Quantistiche?
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Le tecnologie quantistiche sfruttano proprietà quantistiche per 
realizzare prestazioni che superano i limiti teorici delle attuali 

tecnologie.
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Pillars
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Basic Science

Applications for Industry and Society



Dove tutto iniziò…
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Come sta continuando…
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Starts 2 May 2022, 09:00
Ends 3 May 2022, 16:40
Europe/Rome


Hotel Europa
Sala Roma

Via Cesare Boldrini, 11
40121 - Bologna
Go to map

  Join Zoom Meeting

Soluzioni basate su AI sono già ampiamente adottate in una vasta gamma di attività scientifiche su cui
l’INFN è impegnato o ha interesse.
Il workshop AI@INFN è pensato come un momento di incontro e formazione tra ricercatori interessati a
diversi aspetti relativi all’AI, sia fondazionali che applicativi, al fine di favorire lo scambio di conoscenze
ed esperienze e, allo stesso tempo, attrarre ricercatori e tecnologi che intendano acquisire o arricchire le
proprie competenze nel campo.
Adeguato spazio di discussione sarà riservato agli aspetti computazionali: sviluppare modelli AI per
l’analisi dei Big Data della ricerca scientifica e tecnologica richiede risorse di calcolo dedicate, nello
sviluppo e mantenimento delle quali l’INFN è certamente competitivo.

Il workshop è previsto in presenza e in lingua italiana.

E' necessario registrarsi per partecipare all'evento. Le registrazioni apriranno il 1 Marzo.

B
Application
You are registered for this event. H 130 / 130 See detailsL

AI@INFN - Artificial Intelligence at INFN

2–3 May 2022
Hotel Europa
Europe/Rome timezone

Workshop organized by INFN Scientific Committee 5
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La prima edizione del Workshop sulle tecnologie quantistiche organizzato dalle Commissioni
Scientifiche 4 & 5 dell'Istituto Nazionale di Fisica Nucleare (INFN) in collaborazione con l'Università di
Torino, ha come obiettivo mettere a confronto ricercatori, teorici e sperimentali, esperti nell’utilizzo e
nell’implementazione di qubit e dispositivi quantistici.

In particolare, verranno presentati in modo comprensibile ad un vasto pubblico gli aspetti e gli argomenti
di punta, sia teorici che sperimentali, del quantum computing, quantum simulation e quantum sensing.
Inoltre, le sfide attuali e future delle tecnologie quantistiche saranno il tema di tavole rotonde che si
terranno al termine di ogni ciclo di seminari.

E' possibile sottomettere un abstract per presentare un poster (in formato A0) che sarà visibile per tutta
la durata del workshop e la versione digitale disponibile su questo sito.

I lavori si svolgeranno presso il Complesso di Biotecnologie dell'Università di Torino in via Nizza 52, con
inizio mercoledì 7 giugno alle ore 14 e fine venerdì 9 giugno alle ore 13.

L'iscrizione è gratuita, grazie ai contributi della CSN4, della CSN5 e della Sezione di Torino dell'INFN e del
Dipartimento di Fisica (cena sociale a carico dei partecipanti, pagamento anticipato al seguente link

https://e-commerce.symposium.it/web/it/events/details/109).

 

Link per seguire il meeting da remoto il 7 giugno dalle h 14
https://unito.webex.com/unito/j.php?MTID=m75250c5660c0691b9ec51b548645fee7
Numero riunione: 2732 491 3497

Workshop INFN CSN4&5 - Dipartimento di Fisica su Tecnologie
Quantistiche

7–9 Jun 2023
Torino
Europe/Rome timezone

INFN CSN4&CSN5 e Dipartimento di Fisica Università di Torino
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Starts 1 Sept 2023, 09:00
Ends 7 Sept 2023, 20:00
Europe/Rome


EMFCSC (Erice, Italy)

Via Guarnotta, 26 - 91016 ERICE (Sicily) - Italy

The conference will take place at the San Domenico
Institute in the Dirac Lecture Hall: Piazzetta S.
Domenico, 1, 91016 Erice TP:
ttps://goo.gl/maps/VRnvpsRqLdvj2AfE6
Go to map

i
DEADLINE 28/7 for the poster submission and for the registration!

A workshop to explore how quantum technologies can help fundamental physics tests. Search for axion dark
matter, cavities for gravitational waves detection, photonic and superconducting sensors, quantum metrology
theory are among the topics that we will cover. The workshop is in the beautiful ancient town of Erice in Sicily, Italy,
and is organized by the SQMS consortium and INFN. Be ready to be immersed in history (e.g. Virgil describes Erice
in his epic poems), and cutting edge research.

The conference fee will be 150 euros per day (covering all local expenses, including meals (water and beverages
not included), accommodation, the conference dinner, and the conference excursion). If someone wants to
organize their own accommodation, there's a reduced conference fee of 100 euros per day, excluding
accommodation: please let us know if you want to avail of this option. 

Most people will sleep in the Majorana center, but some will be placed in nearby hotels. Some travel grants are
available for selected students who would otherwise be unable to participate, please inquire. Please also inquire
for the fee for accompanying people.

Poster session: please write to maccone@unipv.it if you want to present a poster.

Arrivals on September 1st. Presentations will start on Saturday September 2nd.

The event will take place at EMFCSC 's premises in Erice
http://www.ccsem.infn.it

The workshop will start each morning at 9:00am and will take place in the San Domenico Institute in the
Dirac Lecture Hall: Piazzetta S. Domenico, 1, 91016 Erice TP: https://goo.gl/maps/VRnvpsRqLdvj2AfE6

The Poster session will take place on Saturday starting from 4:30pm at San Rocco.

 

Quantum Technologies for Fundamental Physics

1–7 Sept 2023
EMFCSC (Erice, Italy)
Europe/Rome timezone
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The conference fee will be 150 euros per day (covering all local expenses, including meals (water and beverages
not included), accommodation, the conference dinner, and the conference excursion). If someone wants to
organize their own accommodation, there's a reduced conference fee of 100 euros per day, excluding
accommodation: please let us know if you want to avail of this option. 

Most people will sleep in the Majorana center, but some will be placed in nearby hotels. Some travel grants are
available for selected students who would otherwise be unable to participate, please inquire. Please also inquire
for the fee for accompanying people.

Poster session: please write to maccone@unipv.it if you want to present a poster.

Arrivals on September 1st. Presentations will start on Saturday September 2nd.

The event will take place at EMFCSC 's premises in Erice
http://www.ccsem.infn.it

The workshop will start each morning at 9:00am and will take place in the San Domenico Institute in the
Dirac Lecture Hall: Piazzetta S. Domenico, 1, 91016 Erice TP: https://goo.gl/maps/VRnvpsRqLdvj2AfE6
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Quantum Technologies for Fundamental Physics

1–7 Sept 2023
EMFCSC (Erice, Italy)
Europe/Rome timezone
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Starts 14 Nov 2022, 11:00
Ends 15 Nov 2022, 18:00
Europe/Rome


Bologna
Aula Specola

Palazzo Poggi
Via Zamboni 33
Go to map

H
Concezio Bozzi
Daniele Bonacorsi

Il calcolo quantistico offre potenzialmente un cambio paradigmatico in  problematiche di
interesse INFN, in ambiti che spaziano dal quantum machine learning alla ricostruzione e simulazione di
eventi agli esperimenti, alla fisica teorica e molti altri. 

Il workshop Quantum Computing @INFN rappresenta un'occasione di incontro e formazione per la
comunità, con gli obiettivi di: presentare le attività attualmente in corso, favorire lo scambio di
conoscenze ed esperienze e attrarre ricercatori e tecnologi che intendano acquisire o arricchire le
proprie competenze. 

Il programma prevede contributi di rassegna a invito e presentazioni delle attività.

Il workshop è previsto in presenza, previa registrazione. I partecipanti sono pregati di prendere nota delle
disposizioni dell'Università di Bologna riguardo alle misure e ai comportamenti anticontagio COVID'-19,
disponibili a questo link.

La sede del workshop è dotata di ripetitori wireless; sarà possibile utilizzare la rete eduroam. Le prese di
corrente sono limitate; saranno disponibili un paio di postazioni di ricarica per laptop/smartphone.

I pasti sono a carico dei partecipanti. Sarà disponibile in tempo utile una lista di locali vicini alla sede del
workshop. Le pause caffè a metà mattina e metà pomeriggio si terranno in aula Specola e spazi
antistanti.

La connessione remota è prevista per casi eccezionali, utilizzando il link 

https://cern.zoom.us/j/62393851141?pwd=eHZMRkd3VXUxT1l3QW9GM2pudEx1QT09

(Meeting ID: 623 9385 1141, Passcode: 564251)

Dato che la sede del workshop non è attrezzata per videoconferenze, la piena operatività non è
garantita; sarà indicativamente possibile ascoltare le presentazioni ma difficile seguire le discussioni e
parteciparvi. La partecipazione in presenza rimane quindi fortemente raccomandata. 

CONSIGLI PER RISTORANTI  qui (si consiglia di verificare siano aperti al lunedì e di prenotare)


The call for abstracts is open
You can submit an abstract for reviewing. Submit new abstract

B
Registration
Registration for this event is currently open. H 82 Register nowL

Quantum Computing @ INFN

14–15 Nov 2022
Bologna
Europe/Rome timezone
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All’inizio fu il QUBIT
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𝑁 → 2!

Ultracold atom lattices

Integrated optical circuits

Cold ions

Superconducting transmons

Ø Sistema quantistico (o similare) a 
due livelli.

Ø Inizializzabile con la sovrapposizione 
dei due stati e leggibile.

Ø Crescita esponenziale della potenza 
di calcolo.

Ø Tempo di coerenza.

Ø Connessione stabile fra più qubit.



Quantum Computing @INFN
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Ø Data parametrization.

Ø Rare signal extraction.

Ø Pattern recognition of particle tracks.

Ø Neutrino collective oscillations.

Ø Many body real simulation.

Ø Full wavelength storage.



Un paio di esempi…
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Background suppression for 𝟎𝝂𝜷𝜷 decay of 
the 136Xe isotope

Quantum denoiser

Credit: Roberto Moretti
Advisors: Andrea Giachero, Francesco Terranova.

Variational Quantum Eigensolver (VQE)
Hybrid Quantum Computing

Credit: Rodolfo Carobene
Advisors: Andrea Giachero



PT Lecce, 14 giugno 2024, Alberto Quaranta

Ø 39 public RFOs from 31 countries.

Ø 2019.
§ Qu3D - Quantum 3D Imaging at high speed and high resolution, Milena D’Angelo (BA).
§ QuICHE - Quantum Information and Communication with High-dimensional Encoding, 

Chiara Machiavello (PV).
§ QuantHEP - Quantum Computing Solutions for High-Energy Physics, Simone 

Montangero (PD).
§ SECRET - SECuRe quantum communication based on Energy-Time/time-bin 

entanglement, Giuseppe Vallone (PD).
§ PACE-IN - Photon-Atom Cooperative Effects at Interfaces, Paolo Facchi (BA).

Ø 2021.
§ SQUEIS: Squeezing-Enhanced Inertial Sensing, Guglielmo Tino (FI).
§ T-NiSQ: Tensor Networks in Simulation of Quantum matter, Simone Montangero (PD).



Centro Nazionale HPC (…and Quantum Computing)
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Ø QC for optimization, simulation & ML.

Ø Quantum algorithms.

Ø Quantum algorithms on classical computers.

Ø Hybrid systems.

Ø HL quantum software for general purpose 
(scientific & industrial).

Ø Libraries and frameworks.

Ø LL quantum software for physical simulations.

Ø Benchmarking and verification.



Centro Nazionale HPC: Spoke 10
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T1.1 New algorithms 
PV,  BO, IIT, CT, CINECA, CNR, PI, Sapienza, BA, 

P.Mi, PD
T1.2 Applications and use cases 

IIT, BO, CINECA, CNR, INAF, INFN, PV, PI, BA, MIB, 
Polimi, PD

T2.1 Mapping and compilation 
BO, CNR, PI, Polimi

T2.2 Emulation 
CINECA, INAF, BA, PD

T3.1 Photonic (RM1, CNR, MIB, PV,  NA)
T3.2 SC circuits (NA, INFN, MIB, CNR, CT) 

T3.3 Atoms (CNR, PD); T3.4 Ions (PD, CNR); 
T3.5 Models and firmware (CT, Polimi, BA, PD, 

MIB, CNR, PI) 

Leader: INFN 
Leader: CINECA 

Leaders: CNR, CT 
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Ø Abbattimento della decoerenza in qubit SC 
con l’uso di cavità SC.

Ø Studio del background radioattivo (LNGS).

Ø Cavità Superconduttive.

Credit: Anna Grassellino



Radiazioni cosmiche & DM vs. Qubit
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ACE-SuperQ

μ

ACE-SuperQ

ACE-SuperQ

μ

ACE-SuperQ

ACE-SuperQ
Abatement of Correlated Errors in Superconducting Qubits 

Proposta Grant Giovani CSN5 - 13/11/2023
Ambra Mariani - ambra.mariani@roma1.infn.it

ACE-SuperQ - SYNERGIES 

ACE-SuperQ - Ambra Mariani | Proposta Grant Giovani CSN5

1. La Sapienza University's 
cryogenic laboratories

3. MAECI-Funded Project: "Saving Quantum Computers from Cosmic-Rays”
Lay the foundation for ACE-SuperQ:

• I led design and simulations of the veto system;

• Upcoming Proof of Concept: starting point for optimization and advanced 

measurements in ACE-SuperQ.

Ensure access to the required 
experimental resources for the 

entire project duration.

2. SQMS Center, led by Fermilab
• Supplies the superconducting 

quantum chip; 

• Offers extensive expertise in the 

development of data acquisition 
software and operation of 
quantum devices.

ACE-SuperQ

μ

ACE-SuperQ
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ACE-SuperQ - SYNERGIES 
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experimental resources for the 

entire project duration.

2. SQMS Center, led by Fermilab
• Supplies the superconducting 

quantum chip; 

• Offers extensive expertise in the 

development of data acquisition 
software and operation of 
quantum devices.

ACE-SuperQ

μ
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Ambra Mariani
Grant Giovani Ricercatori 2024-26

Credit: Laura Cardani

ACE-SuperQ

μ

ACE-SuperQ

ACE-SuperQ - Ambra Mariani | Proposta Grant Giovani CSN5

Thank you for your attention!

Contact info:

                  ambra.mariani@roma1.infn.it  

                  https://it.linkedin.com/in/ambra-mariani-b5b8661ba 
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ACE-SuperQ

ACE-SuperQ - Ambra Mariani | Proposta Grant Giovani CSN5
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WHAT: 

Develop a new class of quantum 

processors equipped with a muon veto. 

WHY: 

Protect superconducting-based quantum 
computers from the detrimental effects of 

atmospheric muons. 

HOW: 

Tagging muons to identify and reject (or 
correct) operations performed following a 

muon interaction within the chip.

ADVANTAGES: 
• Enhanced feasibility compared to muon suppression in underground labs;

• Enables quantum processors above-ground operation.

  / 166

Ø Impatto della radiazione ambientale sul 
tempo di coerenza del qubit.

Ø Fononi dal substrato che distruggono le 
coppie di Cooper nella giunzione SC.

Ø Primi esperimenti underground (LNGS).

Ø Qubit anche come rivelatori di particelle.

Are qubits really sensitive to radioactivity ?
State of Art

• Radioactivity was studied as a limit for 
qubit coherence 


• Particles can deposit energy on the qubit 
and produce charges and phonons 


• Phonons production breaks the Cooper 
pairs creating quasiparticles 


• Quasiparticles can be responsible for the 
loss of coherence 

5

Cardani et al., Nature Communications (2021)

Vepsäiläinen et al., Nature (2020)

Wilen et al., Nature (2021)

McEwen et al., Nature Physics (2022)

Credit: Angelo Cruciani
Andrea Mazzolari BULLKID / Vignati -

Relationship of DANAE to other projects
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Dark Matter experiment

DANAE

Objective:  
full stack operated at Sapienza

200 ÷ 50 eV threshold

0.6 kg (Si) or 
1.3 kg (Ge)0.6 kg (Si) 



Meanwhile in CSN4&5…
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Ø Iniziative specifiche in CSN4.
§ Foundational studies, theory of measure, entanglement (BELL).
§ Quantum Systems: entanglement, simulations, information (QUANTUM).

ØSviluppi tecnologici e calcolo in CSN5 (anche per il sensing).
§ DARTWARS.
§ QUB-IT.
§ UNIDET.
§ AI_INFN.
§ QUANTEP.
§ …

Ø Iniziative congiunte CSN4/5… 



QUANTEP (QUANtum Technologies Experimental Platform)
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Credit: Andrea Salamon

Spoke 4 (generation, manipulation and detection of quantum states of light)
Spoke 6 (integration of individual quantum objects into the building blocks of emerging 
quantum technologies architectures)

Deterministic implantation

Optical logical circuits
Nanofabrication & manipulation

Ø Sviluppo di competenze @INFN di circuiti di ottica 
integrata per logica quantistica.
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AI_INFN (Artificial Intelligence Technologies for INFN Research)

Credit: Lucio Anderlini

Ø Network di calcolo per 
applicazioni ML su 
processori quantistici.

At the beginning…

EQC – Experimenting with Quantum 
Computing (2019-2022)

Fabio Schifano



Quantum Simulation/Computing with 
Qubits and Cavities (4+5=…)
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Ø Studio dell’interazione di spin fra due neutroni con qubit a più livelli (qudit) 
accoppiati a cavità.

Ø Il sistema può essere simulato con una Hamiltoniana equivalente e leggendo il 
qubit ad intervalli di tempo successivi si può seguire l’evoluzione del sistema in 
tempo reale.

In/Out

capacitor

Qubit

Josephson
junction



QUANTUM SENSING
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About QUANTUM SENSING: not just plain detection of quanta

“Quantum sensors are individual systems or ensembles of systems that use
quantum coherence, interference and entanglement to determine physical
quantities of interest.”
Rev. Mod. Phys. 89, 035002 (2017)

“A device whose measurement (sensing) capability is enabled by our ability to
manipulate and readout its quantum states.”
M. Safranova and D. Budker

measurementrandom interaction with fieldinitialised
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its operational degrees of freedom are intrinsically quantum mechanical

About QUANTUM SENSING: not just plain detection of quanta

“Quantum sensors are individual systems or ensembles of systems that use
quantum coherence, interference and entanglement to determine physical
quantities of interest.”
Rev. Mod. Phys. 89, 035002 (2017)

“A device whose measurement (sensing) capability is enabled by our ability to
manipulate and readout its quantum states.”
M. Safranova and D. Budker
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its operational degrees of freedom are intrinsically quantum mechanical

Ø «Use of a quantum object to measure a physical 
quantity (classical or quantum). The quantum object is 
characterized by quantized energy levels.» 

Ø «Use of quantum coherence (i.e., wavelike spatial or 
temporal superposition states) to measure a physical 
quantity. »

Ø «Use of quantum entanglement to improve the sensi- 
tivity or precision of a measurement, beyond what is 
possible classically.» 

Degen, Reinhard and Cappellaro, Rev. Modern Phys. 89 (2017) 035002.

magnetometry, and the paper by Taylor et al. (2008) on
magnetometry with nitrogen-vacancy centers in diamond.
Entanglement-assisted sensing, sometimes referred to as
“quantum metrology,” “quantum-enhanced sensing,” or
“second generation quantum sensors,” is covered by
Bollinger et al. (1996) and Giovannetti, Lloyd, and
Maccone (2004, 2006, 2011). In addition, many excellent
reviews covering different implementations of quantum sen-
sors are available; these are noted in Sec. III.

II. DEFINITIONS

A. Quantum sensing

Quantum sensing is typically used to describe one of the
following:

(I) Use of a quantum object to measure a physical
quantity (classical or quantum). The quantum object
is characterized by quantized energy levels. Specific
examples include electronic, magnetic or vibrational
states of superconducting or spin qubits, neutral
atoms, or trapped ions.

(II) Use of quantum coherence (i.e., wavelike spatial or
temporal superposition states) to measure a physical
quantity.

(III) Use of quantum entanglement to improve the sensi-
tivity or precision of a measurement, beyond what is
possible classically.

Of these three definitions, the first two are rather broad
and cover many physical systems. This even includes some
systems that are not strictly “quantum.” An example is
classical wave interference as it appears in optical or mechani-
cal systems (Novotny, 2010; Faust et al., 2013). The third
definition is more stringent and a truly quantum definition.
However, since quantum sensors according to definitions I
and II are often close to applications, we will mostly focus
on these definitions and discuss them extensively in this
review. While these types of sensors might not exploit the
full power of quantum mechanics, as for type-III sensors,
they already can provide several advantages, most notably
operation at nanoscales that are not accessible to classical
sensors.
Because type-III quantum sensors rely on entanglement,

more than one sensing qubit is required. A well-known
example is the use of maximally entangled states to reach a
Heisenberg-limited measurement. Type-III quantum sensors
are discussed in Sec. X.

B. Quantum sensors

In analogy to the DiVincenzo criteria for quantum compu-
tation (DiVincenzo, 2000), a set of four necessary attributes is
listed for a quantum system to function as a quantum sensor.
These attributes include three original DiVincenzo criteria as
follows:

(1) The quantum system has discrete, resolvable energy
levels. Specifically, we assume it to be a two-level
system (or an ensemble of two-level systems) with a
lower energy state j0i and an upper energy state j1i

that are separated by a transition energy E ¼ ℏω0

(see Fig. 1).1

(2) It must be possible to initialize the quantum system
into a well-known state and to read out its state.

(3) The quantum system can be coherently manipulated,
typically by time-dependent fields. This condition is
not strictly required for all protocols; examples that
fall outside of this criterion are continuous-wave
spectroscopy or relaxation rate measurements.

The focus on two-level systems (1) is not a severe restriction
because many properties of more complex quantum systems
can be modeled through a qubit sensor (Goldstein, Lukin, and
Cappellaro, 2010). The fourth attribute is specific to quantum
sensing:

(4) The quantum system interacts with a relevant physi-
cal quantity VðtÞ, such as an electric or magnetic
field. The interaction is quantified by a coupling or
transduction parameter of the form γ ¼ ∂qE=∂Vq

which relates changes in the transition energy E to
changes in the external parameter V. In most sit-
uations the coupling is either linear (q ¼ 1) or
quadratic (q ¼ 2). The interaction with V leads to
a shift of the quantum system’s energy levels or to
transitions between energy levels (see Fig. 1).

Experimental realizations of quantum sensors can be
compared by some key physical characteristics. One charac-
teristic is to what kind of external parameter(s) the quantum
sensor responds to. Charged systems, like trapped ions, will
be sensitive to electrical fields, while spin-based systems will
mainly respond to magnetic fields. Some quantum sensors
may respond to several physical parameters.
A second important characteristic is a quantum sensor’s

“intrinsic sensitivity.” On the one hand, a quantum sensor is
expected to provide a strong response to wanted signals, while
on the other hand, it should be minimally affected by unwanted
noise. Clearly, these are conflicting requirements. In Sec. V,
we will see that the sensitivity scales as

sensitivity ∝
1

γ
ffiffiffiffiffi
Tχ

p ; ð1Þ

where γ is the above transduction parameter and Tχ is a
decoherence or relaxation time that reflects the immunity of
the quantum sensor against noise. In order to optimize the
sensitivity, γ should be large (for example, by the choice of
an appropriate physical realization of the sensor) and the
decoherence time Tχ must be made as long as possible.
Strategies to achieve the latter are discussed at length in the
later sections of this review.

FIG. 1. Basic features of a two-state quantum system. j0i is the
lower energy state and j1i is the higher energy state. Quantum
sensing exploits changes in the transition frequency ω0 or the
transition rate Γ in response to an external signal V.

1Note that this review uses ℏ ¼ 1 and expresses all energies in
units of angular frequency.

C. L. Degen, F. Reinhard, and P. Cappellaro: Quantum sensing

Rev. Mod. Phys., Vol. 89, No. 3, July–September 2017 035002-3



Quantum sensing for…

PT Lecce, 14 giugno 2024, Alberto Quaranta

Ø Fenomeni legati ad accoppiamenti deboli materia-campo.

Ø Dark matter.

Ø Rivelazione di assioni.

Ø Misura delle costanti fondamentali.

Ø Test del modello standard (eEDM, CP violation).

Ø Orologi ad alta precisione.

Ø Rivelazione di particelle con rilascio di energia sub-eV, di piccola massa 
e debolmente interagenti.

Ø Interferometri gravitazionali.

Ø Esperimenti table-top di fisica delle particelle.



PHYDES (Para-HYdrogen and Diatomic molecules for eEDM Study) 

PT Lecce, 14 giugno 2024, Alberto Quaranta

Credit: Giovanni Carugno

Ø Rivelazione EDM elettronico per violazione CP.

Ø Molecole in criocristalli (p-H2, next Ne).

Ø Esperimento table-top equivalente ad un 
esperimento su collider con scale di energia 
30-50 TeV.

Spoke 6 (integration of individual quantum objects into the 
building blocks of emerging quantum technologies 
architectures)



Haloscopes for axion detection

PT Lecce, 14 giugno 2024, Alberto Quaranta

Credit: Caterina Braggio

SMPD-HALOSCOPE prototype

� hybrid (normal-superconducting) cavity
7.37 GHz, tunable, Q0 = 9 ⇥ 105

� T=14 mK delfridge base temperature
@ Quantronics lab (CEA, Saclay)

� 2 T-field

� triplet of rods controlled by a
nanopositioner mounted at the MC stage to
probe for different axion masses

� passive protection by the B-field for SMPD
and TWPA

https://arxiv.org/abs/2403.02321

a four wave mixing process
an atom coupled to a single mode is not good for single photon detection, as you want the conversion process to

be optimized (⌘ ' 1) =) 4WM is implemented on the SC circuit

!b + !p = !q + !w

https://arxiv.org/abs/2403.02321Ø Rivelazione di assioni tramite fotoni MW secondari.

Ø Superamento del limite quantistico con single photon 
detection.

Ø Modulazione in frequenza per ampliare il range utile.

Ø Fattore 100 sulla scan rate e 80 di vantaggio quantistico.



Squeezed Light

PT Lecce, 14 giugno 2024, Alberto Quaranta

Credit: Jean-Pierre Zendri

Ø Squeezed light per ridurre il contributo del quantum noise al rumore.

Ø Riduzione del rumore e rivelazione pressione della radiazione quantistica.

Ø Ongoing: ulteriori miglioramenti con sistemi entangled.



PT Lecce, 14 giugno 2024, Alberto Quaranta

Low-noise microwave amplifiers play a central role in different applications

Ultralow-noise broadband amplifiers are suitable readout devices for cryogenic detectors, superconducting qubits, and have a
variety of applications in quantum sensing and quantum communication.

Ultra Low Noise
Parametric Ampli�er

Quantum bits

Microwave Kinetic 
Inductance Detectors
(MKIDs)

Transition Edge Sensor
(TES)

Metallic magnetic calorimeters 
(MMC)

Microwave cavities 
Multiplexing 
readout

Microwave
photons

source

Entangled microwave photons

Squeezed-state microwave
radiation source

Microwave quantum 
key distribution

Quantum radar

Quantum illumination

These applications needs broadband operation, minimum added noise, and perfect information preservation;
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DARTWARS (Detector Array Readout with Traveling Wave AmplifieRS) 

Credit: Andrea Giachero

KI-TWPA @ NIST: devices production

Nu = 30

60 μm

439 μm

1.255 mm

Nl = 4

Andrea Giachero PM2024 - 16th Pisa Meeting on Advanced Detectors La Biodola, Isola d’Elba, May 30, 2024 12 / 20

• First version (v1) published in J. Low. Temp. Phys. (2024);

• Improved version (v2) presented at the last APS March Meeting;

KI-TWPA @ INFN: production of the half-size amplifier

Design, production and characterization published in:

• Phys. Scripta 98 (2023) 12, 125921;

• IEEE Trans. Appl. Supercond. 34,3 (2024) 1700605

• J. Low. Temp. Phys. (2024)

Andrea Giachero PM2024 - 16th Pisa Meeting on Advanced Detectors La Biodola, Isola d’Elba, May 30, 2024 15 / 20
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Ø Amplificatore parametrico per molteplici usi nelle tecnologie 
quantistiche.

Ø Sviluppo di competenze interne in questo tipo di tecnologie.



PT Lecce, 14 giugno 2024, Alberto Quaranta

Qub-It collaboration

FBK/Trento group

LNF group

UniMib group

Florence groupNIST group

Main target: develop a qubit-based single-
photon counter read with high fidelity and 

suppressed dark count rate.

QUB-IT 
(Quantum sensing with superconducting qubits for fundamental physics)

Credit: Claudio Gatti

Ø Sviluppo di competenze per il design e la 
produzione di Qubit superconduttivi.

Ø Qubit per Quantum Non Demolition (QND) 
Detection di fotoni singoli MW.

Ø Cavità con Qubit 2D e 3D per entanglement fra 
qubit e fotone.

Ø Next: 2-Qubit accoppiati per migliorare l’efficienza.

Spoke 6 (integration of individual 
quantum objects into the building 
blocks of emerging quantum 
technologies architectures)



PT Lecce, 14 giugno 2024, Alberto Quaranta

UNIDET (UNIversal DETector for quantum light) 

Credit: Mirko Lobino

Ø Rivelatore integrato photon number 
resolving.

Ø Ingegnerizzazione stati quantistici per 
computazione e sensing (stati entangled).

Ø Misure di stati squeezed.



PT Lecce, 14 giugno 2024, Alberto Quaranta

QUISS (QUantum Imaging with new Sources and Sensors) 

Credit: Milena D’Angelo

Ø Imaging con fotoni entangled per abbattere i limiti 
classici di SNR.

• QuantERA + Regione Puglia: «Qu3D» (2020-23). 
Coordinatore (200 k€), in collaborazione con Planetek 
Hellas, EPFL, Olomouc Univ. (INFN + UniBA)
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MOONLIGHT (Quantum protocol via local 
detection of OAM entangled states in pulsed light) 

Credit: Bruno Paroli

Ø Sviluppo di protocolli di comunicazione 
basati su stati entangled di momenti 
angolari orbitali di fotoni.

B. Paroli 
 

 
 

Quantum protocol via local detection 
of OAM entangled states in pulsed light 

MOONLIGHT 

RADIAZIONE CON MOMENTO ANGOLARE 
ORBITALE 

Per trasmissioni a lunga distanza la rivelazione locale 
è FONDAMENTALE 

1𝑐𝑚 𝑤𝑎𝑖𝑠𝑡 > 4 𝑚𝑒𝑡𝑒𝑟𝑠 𝑏𝑒𝑎𝑚 𝑠𝑖𝑧𝑒 

𝑡𝑒𝑛𝑠 𝑐𝑒𝑛𝑡𝑖𝑚𝑒𝑡𝑒𝑟𝑠 
𝑑𝑒𝑡𝑒𝑐𝑡𝑜𝑟 

TRASMETTITORE 

RECEVITORE 

𝑑𝑒𝑒𝑝 𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑣𝑎𝑐𝑢𝑢𝑚  
> 100 𝑘𝑚  

 7 

∆𝝋 = 𝝋𝟐 − 𝝋𝟏 ∝ 𝒍 ∆𝜽 

𝒙𝟏 𝒙𝟐 𝒙𝟏 𝒙𝟐 

l=-1 

l=1 

𝒄𝒐𝒔(∆𝝋) 

DETECTOR LOCALE MONOLITICO 



La sfida continua…

PT Lecce, 14 giugno 2024, Alberto Quaranta

Ø Si sono formati nuclei di interesse e competenze 
interne all’Ente. 

Ø L’INFN può diventare un punto di riferimento per 
una comunità ancora sparsa.

Ø Concentrando gli sforzi in settori di nicchia e di 
interesse è possibile raggiungere primati 
internazionali.

Ø È possibile inaugurare o rafforzare linee di ricerca 
di base parallele alle «tradizionali».




