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WHAT	ARE QUANTUM TECHNOLOGIES?



QUANTUM TECHNOLOGY APPLICATIONS













A	long-term,	large-scale	research	initiative

Foster	world-leading	knowledge	and	skills

Bring	quantum	technologies	from	the	lab	to	the	market

Develop	technologies	and	open	research	facilities	for	quantum	in	
Europe

Bring	together	research	institutions,	academia,	industry,	
enterprises,	and	policy	makers,	in	a	joint	and	collaborative	

initiative	on	an	unprecedented	scale

THE QUANTUM FLAGSHIP
culmination point uniting all stakeholders



GOALS
FLAGSHIP’S VISION FOR	 QUANTUM	TECHNOLOGIES	IN	EUROPE

Consolidate and	expand European	
scientific	leadership	and	excellence

in	quantum	research

Kick-start	a	competitive European	
industry	in	quantum	technologies	
and	position	Europe	as	a	leader in	

the	future	global		industrial	
landscape

Make	Europe a	dynamic and	
attractive region	for	innovative	

research,	business and	investments
in	quantum	technologies



THE QUANTUM FLAGSHIP	AT	A	GLANCE

October	2018 1 billion	€10 years 20 projects141 proposals152million	€

2018-2021
Ramp-up	phase

2000+
experts



Quantum	Internet	- secure	
communication	and	

applications

By	2021	quantum	simulators	20x	
more	precise

By	2021,	sensors	with	
resolution	1000x	better

By	2021,	quantum	computers	of	
50-100	qubits	demonstrating	first	

quantum	applications

Discover	&	understand	new	
fundamental	quantum	principles

For	a	Secure	Digital	Society	and	a	
Quantum-enabled	Internet

Simulating	Complex	Systems	for	
Advanced	Design	and	

Development

Bringing	Accuracy	And	
Performance	To	

Unprecedented	Levels

Computing	Power	To	Overcome	
Currently	Unsolvable	Problems

Addressing	Foundational	Challenges	
For

Development	Of	Quantum	
Technologies

APPLICATION PILLARS

















€67	million	budget	from	European	Commission	and	
national	funding	agencies	

November		2016

QuantERA ERA-NET		cofund initiative	
→	ERA-NET	aims	to	increase	Member	States	funding	to	
challenge	driven	research	and	innovation	agendas

26	European	countries

National	and	regional	research	funding	programmes

Complementary	to	the	Quantum	Flagship’s	activities



QTFLAG:	Quantum	Technologies	for	Lattice	Gauge	Theories
Member	States:	Austria,	Belgium,	Germany, Italy, Poland
INFN	Node(s):	PD	
T.	Pichler,	E.	Rico,	M.	Dalmonte,	P.	Zoller,	and	S.	Montangero
Real-time	dynamics	in	U(1)	lattice	gauge theories	with	tensor networks
Phys.	Rev.	X	6,	011023	(2016)

S.	Montangero et	al.
arXiv:19.11.xxxx



QUANTERA	CALL	2019:	INFN	PROJECTS	

PACE-IN:	Photon-Atom	
Cooperative	Effects	at	
Interfaces	
(INFN	+	Regione	Puglia)

QuantHEP:	Quantum	
Computing	Solutions	for	
High-Energy	Physics	
(INFN	+	Regione	Puglia)

Qu3D:	Quantum	3D	imaging	
at	high	speed	and	high	
resolution	
(INFN)

QuICHE:	Quantum	
information	and	
communication	with	high-
dimensional	encoding	
(INFN)

SECRET:	SECuRe	quantum	
communication	based	on	
Energy-Time/time-bin	
entanglement	
(INFN)
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ü Correlation plenoptic imaging	(INFN)
Working principle (INFN	patent!)

Experiment

Acquired	image Refocused	image

ü Ultra-fast	detectors	(EPFL)

ü Parallel computing	(Planetek Hellas)

ü Super-resolution by	quantum	Fisher	information	+	quantum	tomogrophy (University	of	Olomouc)

512x512 samples array

High Level 
Operator

High Level 
Operator

High Level 
Operator

heterogeneous 
software modules GPU cores 

frames 
stream

Qu3D:	Quantum	3D	imaging	at	high	speed	and	high	resolution
Member	States:	Check	Republic,	Greece,	Italy, Switzerland
INFN	Node(s):	BA
Fundings:	INFN



S.	Notarnicola,	E.	Ercolessi,	P.	Facchi,	G.	Marmo,	S.	Pascazio and	F.	V.	Pepe
Discrete	Abelian Gauge Theories for	Quantum	Simulations of	QED
J.	Phys.	A:	Math.	Theor.	48,	30FT01	(2015)

E.	Ercolessi,	P.	Facchi,	G.	Magnifico,	S.	Pascazio and	F.	V.	Pepe
Phase transitions in	Zn	gauge models:	Towards quantum	simulations of	the	Schwinger-Weyl QED
Phys.	Rev.	D	98,	074503	(2018)	

S.	Notarnicola,	M.	Collura,	S.	Montangero
Real	time	dynamics quantum	simulation of	(1+1)-D	lattice	QED	with	Rydberg atoms
arXiv:1907.12579	[cond-mat.quant-gas]

QuantHEP:	Quantum	Computing	Solutions	for	High-Energy	Physics
Member	States:	Italy, Latvia,	Portugal
INFN	Node(s):	PD,	BO,	BA
Fundings:	1/3	INFN;	2/3	Regione	Puglia



FROM VISION TO REALITY – THE EU’S COMMITMENT

Build and	deploy	in	the	next	
decade	a	certified	secure	pan-
European	end-to-end	QCI	for	
cybersecurity services

Built	with	the	support	of	the	
Commission’s	proposed	Horizon	

Europe	and	Digital	Europe	
programmes	

Bring	quantum	technologies	from	
the	lab	to	the	market	and

consolidate European	scientific	
leadership	in	quantum	research

Give	funding	support	to	
international	research	
projects	in	the	field	of	
Quantum	Technologies	

Build and	deploy	an	infrastructure	
for	big	data,	artificial	intelligence,	
high	performance	computing,	

among	others

…	Italian	National	Quantum	Institute	in	next	PNR



Combine	terrestrial	and	satellite	
components	for	wide	coverage

QUANTUM COMMUNICATION INFRASTRUCTURE

Integrate	quantum	cryptography	
into	critical	communication	systems

Protection	of	data	networks,	clock	
synchronization,

e-voting,…

Backbone	infrastructure	
for	the	quantum	internet



Quantum	testbed	facilities	for	
hardware	developers

Classical	quantum	simulation	
hardware	in	HPC

Quantum	computation	and	simulation	
hardware	(ion	traps,	super-/semi-

conducting	qubits,	spin	qubits,	phtonic
circuits,	neutral	atoms)	

Quantum	application	database	
(verification/validation,	
algorithms,	apps)

QUANTUM COMPUTATION	&	SIMULATION INFRASTRUCTURE



→	Distributed	quantum	computers,	and	quantum	sensors	interconnected	via	
quantum	communication	networks

QUANTUM INTERNET:	THE	ULTIMATE	GOAL


