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Trends in Superconducting Qubit-oriented hardware activities

• Topology of the circuit
• Optimization of architecture,

of every single step in fabrication, 
including read-out and control
• Quality of the Josephson

junctions, reducing noise
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Trends in Superconducting Qubit-oriented hardware activities

Novel types of qubits
Quantum interfaces

Quantum integrated 
solutions and components
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Superconducting 
quantum circuits 

and qubit 
architectures

Alternative 
qubit layouts, 

hybrid JJs, 
transmon and 

fluxonium 
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based on JJs with 

ferromagnetic 
barriers

Tunable emerging electronic 
configurations in hybrid/topological 

systems, Twisted 2D layered materials 
hosting angle-dependent bands 

Standard 
approach Al 
technology

control and readout 
and phase-sensitive 

devices

running 25 (→40) 
qubits computer 

Some kind of Univ. Napoli Roadmap 

Running classical/quantum 
algorithms

Quantum 
computation

Quantum 
communication
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1. HEALTH

2. HUMANISTIC CULTURE, CREATIVITY, SOCIAL TRANSFORMATION AND THE SOCIETY OF INCLUSION

3. SECURITY FOR SOCIAL SYSTEMS

4. DIGITAL, INDUSTRY AND AEROSPACE

• Digital transition - i4.0:
• High performance computing and big data:
• Artificial intelligence:
• Robotics:
• Quantum technologies: Salvatore De Pasquale (coordinator), Stefano Carretta, Francesco Saverio Cataliotti, Paolo De

Natale, Marco Fanciulli, Gaetano Scamarcio, Fabio Sciarrino, Francesco Tafuri, Alessandro Tredicucci, Raffaele
Tripiccione

• Innovation for the manufacturing industry:
• Aerospace:

5. CLIMATE, ENERGY AND SUSTAINABLE MOBILITY

6. FOOD PRODUCTS, BIOECONOMICS, NATURAL RESOURCES, AGRICULTURE, AND THE ENVIRONMENT
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• Articulation 1. Quantum technologies for computers and simulators
• Quantum computing represents a radical change in computational paradigms. Computers and quantum simulators have

revolutionary potential in many areas, from the optimisation of production and social processes to the solution of complex
problems, from chemistry to biology, from the development of innovative materials and new drugs to fundamental physics. The
recent demonstration of quantum supremacy - the ability of a quantum computer to perform a task that is impossible for a
traditional computer - promises to make the quantum ecosystem a production reality in the next decade.

• State of the art. Different architectures are being pursued in academic and industrial fields worldwide: qubits based on
superconductors, semiconductors, trapped ions, integrated photonics, topological qubits, molecular spin qubits and degenerate
gases. The Italian system has extensive experimental, theoretical and technological expertise in several of these platforms:
photonics quantum information processing, quantum simulation with atomic systems, superconducting systems, semiconductors
and qubits based on magnetic molecules.

• Objective and impact: to make Italy a key player in the field of QT for computers and simulators as a supplier of enabling
technologies, as a developer of integrated platforms and algorithms, and as an industrial end user; to equip the Italian system with a
quantum computing/simulation infrastructure at the forefront in Europe. The impact of this effort is enormous on enabling
technologies in our country. The search for QT-based solutions fuels a transformative and cutting-edge industry, in terms of both
small and medium-sized enterprises (SMEs) and large industries, in various fields - integrated electronic circuits for control and
readout (TRL 8), integrated photonics (TRL 7), innovative materials (TRL 5-7), cutting-edge cryogenics (TRL 7), other components and
control software (TRL 7) to manage the new hardware effectively.

• Strategy: 1. Strengthen, from a theoretical and experimental point of view, the platforms for quantum computation and simulation
in which Italy has extensive expertise (superconductors, semiconductors, magnetic molecules, integrated photonics, atomic
systems), perfecting their technology; 2. Demonstrate and use the quantum advantage in the NISQ (Noisy, Intermediate-Scale
Quantum) regime, based on the development of already available imperfect machines, integrating quantum computing techniques
with those of High Performance Computing; 3. Achieve the full power of quantum computing, by implementing quantum error
correction, with codes targeted on specific platforms; 4. Develop new quantum algorithms, for the solution of numerous highly
complex problems and 5. Develop a transformative and cutting-edge industry, in the areas identified above, by creating advanced
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• Articulation 2. Quantum technologies for communications

• Articulation 3. Quantum technologies for sensors and metrology

• Articulation 4. Quantum technologies for energy efficiency and sustainability

• Articulation 5. Research infrastructures for quantum technologies

• Articulation 6. Training and human capital.

2018: Phd in "Quantum Technologies": University of Napoli Federico II, CRN and University of 
Camerino  2022: Master Degree in "Quantum Science and Engineering", Univeristy of Napoli 
Federico II
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Main goals of the Spoke 10 of the ICSC center: 
• creation of applications that use quantum calculators as accelerators to solve otherwise unresolvable

problems;
• development of hardware and software tools that facilitate the planning of quantum calculators and

their operational compatibility with traditional calculators;
• planning large and scalable quantum computers.
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By continuosly 
changing the 

duration or amplitude 
of the control pulses, 
coherent oscillations 
between the ⟩|0  and 
⟩|1  states of the qubit 

Π-
pulse

Hint of quantum coherent nature: Rabi oscillations

We are moving 
coherently between 
the two states of the 
computational basis!
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Coherence times and impact of noise

Relaxation time

Π-pulse
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Π/2-pulse
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Π/2-pulse

Π-pulse

Π/2-pulse
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Controlled exchange of energy between two 
qubits: CZ gates optimization and calibration

Pre-calibration 
(distorted pattern)

After-calibration 
(symmetric pattern)
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Improving readout fidelity: near-quantum limited 
noise travelling wave parametric cryogenic 
amplifiers (TWPA)

Leader: Martina Esposito, fabricated in collaboration with 
Nicolas Roch’s Lab in Grenoble, France

Investigating pump harmonics generation in a SNAIL-based Traveling Wave Parametric Amplifier
A. Yu. Levochkina, H. G. Ahmad, P. Mastrovito, I. Chantarjee, G. Serpico, L. Di Palma, R. Ferroiuolo, R. Satariano, P. Darvehi, A. Ranadive, G. Cappelli, G. Le Gal, L. 
Planat, D. Montemurro, D. Massarotti, F. Tafuri, N. Roch, G. P. Pepe, and M. Esposito , Arxive 2405.20096v1 (submitted
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Motivations:
Unveiling of generation spurious tones in TWPAs

SNAIL

CgCJ
Ic

Ic

Ic
rIc

Φext

L
�   Ω
input �   Ω

output

Investigating the generation of pump harmonics in a SNAIL-based 
Traveling Wave Parametric Amplifier Thursday, June 6, 2024 @ 11.35

Fabricated in collaboration with Nicolas Roch’s Lab in Grenoble, France

Anna Levochkina et al. , ArXive preprint (2024)
Supervisors G.P. Pepe and M. Esposito

Anna Levochkina Isita Chattereje Pegah Darvehi



Improving readout fidelity: near-quantum limited 
noise travelling wave parametric cryogenic 
amplifiers (TWPA)

Superlink project
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From single-qubits to multi-qubits architectures

Superlink 
Quantera Project

Eurostar SFQ4QPU

PARTNERS

Quantware, Seeqc-EU 
Design: Unina (Mastrovito P., Levochkina A.), 
Fab: Chalmers University of Technology (Dr. Tancredi G.) 
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The JDPD is composed by two 
RF SQUIDs that share an inductive load. 
Potential energy:  

Josephson digital phase detector

Two degrees of freedom given by Φ1 and Φ2 
Φ+ = Φ1 + Φ2
Φ− = Φ1 − Φ2

Modifies the potential shape Provides the tilt

2𝐸𝐸𝑗𝑗

𝑈𝑈 𝜑𝜑 =
𝐸𝐸𝑙𝑙
2
𝜑𝜑2 −

Φ0

2𝜋𝜋
 [𝐼𝐼𝑐𝑐+ cos 𝜙𝜙+ cos 𝜑𝜑 + 𝜙𝜙− + 𝐼𝐼𝑐𝑐− sin 𝜙𝜙+ sin(𝜑𝜑 + 𝜙𝜙−)]

𝐼𝐼𝐶𝐶1 𝐼𝐼𝐶𝐶2

𝜑𝜑

Φ1 Φ2

Dc line n.1

Dc line n.2

Fast flux 
line

JDPD 
device

Resonator

Talk by Luigi Di Palma



Courtesy of Quantware

IQuantum Error Mitigation technique that uses Fuzzy C-Means (FCM) clustering to specifically identify measurement error 
patterns: proof-of-principle validation of the technique on a 2-qubit register, obtained as a subset of a real NISQ 5-qubit 
superconducting quantum processor based on transmon qubits. We demonstrate that the FCM-based QEM technique 
allows for reasonable improvement of the expectation values of single- and two-qubit gates-based quantum circuits, 

MITIGATING ERRORS ON 
SUPERCONDUCTING QUANTUM 
PROCESSORS THROUGH FUZZY 
CLUSTERING 
H. Ahmad, R. Schiattarella, P.
Mastrovito, A. Chiatto, A.
Levochkina, M. Esposito, D.
Montemurro, G.P. Pepe, A. Bruno,
F. Tafuri, A. Vitiello, G. Acampora &
D. Massarotti,  Advanced Quantum
Technologies  (2024)

Implementation of a hybrid classical/quantum algorithm for Quantum 
Error Mitigation on a 5-qubit superconducting device 
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Running random single- and two-qubit quantum 
circuits & algorithms

⟩|𝑖𝑖

⟩|𝑗𝑗

𝐻𝐻

𝑋𝑋45 𝑋𝑋90
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Currently running
Hardware Software and Algorithms

⟩|𝑄𝑄0 = 𝑖𝑖
⟩|𝑄𝑄2 = 𝑗𝑗

𝐻𝐻

𝑋𝑋45 𝑋𝑋90

⟩|𝑄𝑄0 = 𝑖𝑖
⟩|𝑄𝑄2 = 𝑗𝑗 𝐻𝐻

Mitigating Errors on Superconducting 
Quantum Processors through Fuzzy 
Clustering

On-chip microwave source of coherent 
states in superconducting quantum 
circuits

Josephson digital phase detector

𝐼𝐼𝐶𝐶1 𝐼𝐼𝐶𝐶2

𝜑𝜑

Φ1 Φ2

Josephson Travelling wave parametric 
amplifier (JTWPA) 

Transmon qubit based on 
ferromagnetic JJs-
ferrotransmon

Flexibility in building Hamiltonians (Hamiltonian Engineering), 
Scaling the number of qubits for running algorithms, 
Coherence times and impact of noise, improving read out 
fidelity, novel gate optimization techniques, novel methods for 
identifying, correcting or mitigating errors on quantum 
measurements

Running quantum 
measurements and protocols

Credits: L. Di Palma, A. 
Miano, P. Mastrovito

Credits: H: Ahmad, R. Satariano, 
R. Ferraiuolo, G. Serpico,

Credits: M. Esposito, 
P. Darvehi, I.
Chatterjee, A.
Levochkina

Credits: P. Mastrovito, C. 
Cosenza, V. Stasino, H: 
Ahmad,



The ferrotransmon

The strong need for an increasing number of qubits in superconducting quantum 
processors for quantum computing requires novel solutions to improve scalability.

Tunability of qubit frequencies is essential for 
implementing two-qubit gates, and is achieved 
through the integration of Superconducting 
Quantum Interference Devices (SQUIDs) 

In the frame of the European EIC 
Pathfinder project Ferromon, we want 
to reduce the space occupied by 
tunability circuitry, by integrating 
unconventional ferromagnetic 
Josephson junctions in transmon 
qubits!
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S

Ψ𝟎𝟎

0 - π phase transition 

Spin-triplet superconductivity

Magnetic non-collinearity

F

T UNNEL  MAGNET I C  J OS EP HSON J UNCT I ONS  
T OWARDS  HY BR I D SUP ERCONDUCT I NG  QUANT UM ARCHI T ECT UR ES

T A L K  B Y  R O B E R T A  S A T A R I A N O Monday, June 3rd 16.45

Spin screening at the S/F interface

R. Satariano, A. F. Volkov, H. G. Ahmad, L. Di Palma, R. Ferraiuolo, A. Vettoliere, C. Granata, D. Montemurro, L.
Parlato, G. P. Pepe F. Tafuri, G. Ausanio, and D. Massarotti, Commun. Mater. 5, 67 (2024)
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The ferrotransmon

NbN/GdN/NbN Nb/AlOx/(Nb)/PdFe/Nb Nb/AlOx/(Nb)/Py/Nb

Working 
point

Saturation 
field

Ahmad et al., Hybrid 
ferromagnetic 
transmon qubit: 
Circuit design, 
feasibility, and 
detection protocols 
for magnetic 
fluctuations, PRB 
2022
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Flux drive

Tunnel Ferromagnetic 
Josephson Junction

• Spin-filter JJs based
on GdN insulating
ferromagnetic
barriers

• SIFS-like Josephson
junctions

Transmission 
line ~ resonator

Capacitive 
coupling

Split-CPB 
qubit

Inductive 
coupling

Lr

Cr

Cg
Cb

Transmon qubit based on ferromagnetic JJs-ferrotransmon

• Tuning of EJ by using magnetic field pulses
• Qubit as quantum sensor
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Transmon qubit based on ferromagnetic JJs-ferrotransmon

• Tuning of EJ by using magnetic field pulses
• Qubit as quantum sensor

•Study of the circuit Hamiltonian: understanding couplings,
energy scales, tunability…

Circuital analysis

•What are the most suitable magnetic and electrodynamics
parameters?

Comparative analysis and feasibility study

•Circuit design: coupling with the RO, RO test…

RF-simulations

FERRO-TRANSMON CIRCUITAL DESIGN AND SIMULATIONS

𝐶𝐶𝑏𝑏𝐶𝐶𝑔𝑔𝐿𝐿𝑟𝑟 𝐶𝐶𝑟𝑟

Hybrid DC-
SQUID 𝐻𝐻𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
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TA

MQT

Running 
State

PD

Moderately damped 
JJs  (1<Q<5) 

Iansiti, Tinkham et al. PRB 39 (1989)
Kautz & Martinis,  PRB 42 (1990)
Vion,Joyez, Esteve, Devoret PRL 77(1996)
Kivioja, Pekola et al. PRL 94 (2005)
Mannik, Lukens et al. PRB 71 (2005)
Krasnov et al. PRB 76 (2007); PRL 95 (2005) 
Longobardi et al. PRB 84 (2011); PRL 109 (2012)
Massarotti et al PRB 92 (2015)

Reduction of Ic unavoidably leads to a
 reduction of Q (increase in dissipation) 
and of the ratio EJ/EC=(ICΦO/2π)/(e2/C)

Multiple Escape and Retrapping

1.86K

2.12K

2.35K
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TA

MQT

Running 
State

PD

Multiple Escape and Retrapping
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μ
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*

QPD
||

T* 50nm T
+

Tcr

|
T*

-
QPD

L. Longobardi, D. Massarotti, D. Stornaiuolo,
L. Galletti, G. Rotoli, F. Lombardi & F. Tafuri
Phys. Rev. Lett. . 109, 050601 (2012)
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Phase diagram (EJ,T): 
the direct PD/MQT 

transition
& the high-Jc limit

Longobardi et al. PRL 109 (2012); PRB 84 (2011) 
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The ferrotransmon
We are working on circuit design of the ferrotransmon in 
order to increase the scalability of transmon qubits.

Credits: G. Serpico
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Production 
chain

Fabrication & 
nanotechnology

Measurement,  
Operation,sofware 
control quantum 

algorithms

Intellectual 
property, 
external 

services, …. 

Concepts, 
Design & 

layout

Hybrid & 
Engineering

⟩|𝑄𝑄0 = 𝑖𝑖
⟩|𝑄𝑄2 = 𝑗𝑗

𝐻𝐻
𝑋𝑋45 𝑋𝑋90

⟩|𝑄𝑄0 = 𝑖𝑖
⟩|𝑄𝑄2 = 𝑗𝑗 𝐻𝐻



UniNAno: Nanotech facility

Credits: D. Montemurro
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Development of new SNSPDs

• New materials
• New configurations

Applications of very performing SNSPDs
for Quantum Communication

• QKD experiments
• Characterization of photon sources
• Quantum Random Number Generation

Quantum MAN 
@Napoli: the 
architecture

CNR Pozzuoli Meditech Protopisani

Switch

Cifranti

Applicazioni

QKD

Leonardo Pomigliano
Nb0.15Re0.85 (4 nm)/Al (2 nm)

Leader and courtesy: Loredana Parlato and Giampiero Pepe
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Ultra-clean twisted cuprate interfaces!

Top 
twisted
layer

Bottom
layer

Interface

STEM

S.Y. F. Zhao, N. Poccia et al. Science 382, 1422-1427 (2023)

Y. Lee, N. Poccia et al. Advanced Materials 35, 2209135 (2023)

M. Martini, N. Poccia et al. Materials Today, 67, 106-112 (2023)

Engineering complexity, topological and
strongly correlated physics in one system
and in a wide temperature range

26



Ultra-clean twisted cuprate interfaces!

Top 
twisted
layer

Bottom
layer

Interface

STEM

27

Vision for a cuprate twistronics for quantum hardware 
• Integrating novel circuits as part of a twisted cuprate interface
• Controlling increasing complexity
• Fabricate innovative qubit based on cuprates



-3 0 -2 0 -1 0 0 0 1 0 2 0 3 0
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0,0
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)
 twist 1.8 kΩ
 tilt MQT 0.5 kΩ

25 mK
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Macroscopic quantum 
tunneling in a HTS JJ
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Macroscopic quantum 
tunneling in a HTS JJ

d-wave order parameter symmetry
 promotes the notion of a 

quiet qubit
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Epilogue
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Epilogue

Increasing the number of qubits for new algorithms!

 40 qubits by the end of
the year

 external users, in situ
and then in the cloud

 Novel hardware and the
ferromon

 Interface with classical
HPC

 Complete production chain
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