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Metrology
_

o MEASUREMENT (Science)

o TRUST (Institution)

o DISSEMINATION (Tech Transfer and Service)
NATIONAL DEVELOPMENT IN A GLOBAL CONTEXT
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Quantum Metrology at INRIM
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EC: the European Metrology Partnership
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European Metrology Partnership
7 37 Muears (506 EC, 50% MS)
Italy share 10% (INRiM + Research Institutes + Universities + Companies)

Beyond: metrology for advanced materials, quantum, biotech, and
space technologies, as identified by EC Compass
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International Metrology and EURAMET
4

EURAMET, the Metrology Organisation in Europe

ATechnical/scientific collaboration T RS + 0‘ &, o
in EURAMET is organised within Acousics, lrasound ooty o - -
ten Technical Committees. Magnetism

AThe actuator of the o, A ! E éj

European Metrology Partnership N Guantities | Matrology i "",‘;;3;:‘,-':,::_.{;"" hermometry  Time and Frequency

EURAMET established the
European Metrology Networks (EMNS)

A to strengthen stakeholder interaction and to work towards

a sustainable, coordinated European metrology landscape.

Strong emphasis on interactions with stakeho




European Metrology Network on Quantum

. European Metrology Network for Quantum Tech
18 EURAMET Members and Partnéam 15 countries.

Coordination INRIM (Degiovanni)

VISIONEMNQ aims at being the recognised European unique reference

point representing European metrology for Quantum Technologies.

Rationale

1 To align with industrial requirements, those of theC Quantum Technologies Flagsimational
and intergovernmental quantum technology (QT) programmes, and ofaeyant stakeholders;

1 to contribute to QT developments

0§KNRdzZAK balLQad FYR 5LQa NBaSIFNDK YR Ayy20l 0
9 to give input into thestandardisation&certificationof QT;
1 to promote of the benefits of metrologyto the stakeholders.
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Quantum Clocks == Quantum == Quantum
& Atomic Sensors = El€ctronics ™ Photonics

* EMN-Q has drafted 5 strategical roadmaps in the 3 sections,
related to the Quantum Flagship pillars.

* Roadmap drafts were circulated among the EMN-Q community
and EURAMET TCs, and feedback was collected.

Roadmaps EMN-Q sections

“Quantum Clocks and Atomic Sensors: @ @
Metrology & Sensing” Lead: OBSPARIS paprarett i 2ot LR 1 bt
“Quantum Metrology & Sensing”
Lead: PTB
“Quantum Computing”
Lead: NPL

“Quantum Communications”
Lead: NPL

Communication

Simulation

Atomic Sensors

Sensing / Metfrology

Quantum Clocks and

Quantum Electronics
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“Quantum Photonic Sensing & Metrology” |
Lead: DFM
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QUAMTITAQUANtumMetrology & Testing InITAly

4 Reliable and Trustable measurement & testing is crucial

to move from hardware R&D to commercialization both
for supplier and purchaser of quantum technologies.

INRIM-QUAMTITA is a metrological infrastructure

: supporting the development of quantum
Build i
technologies

/ \ Goals with QUAMTITA
Improving test facilities for quantum devices
Design - Harmonization of procedures and methods
Cooperation with quantum industry in R&D
Providing access to testing capabilities
~
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QUAMTITA, amxample Q-Computing andVicrowave QSensing

— 5-qubit superconducting SupercondutivéMicrowaveMetrology
guantum computer @Torino
tailored for researchabs.
ArrivalMAY 2025

(Quantum Computing and Sensing) jof @ ' :
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PASSION FOR INNOVATION



QUAMTITA, amxample Q-Computing andQ-Sensing

. Quantum computingplatformsalsowith
U lons
U Neutralatoms

Ytterblum atoms trap @ INRIM Turin Ba+ ions @INRIM Florence




Science and Industnstandardisation

FGQT Q03: Towards Standardization
or Quantum Tech ologies

& CENELEC

Facus Graupon Quantem Technologies

B CENELEC

Quantum Technologies
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QuantumMetrology necessaryo the standardization
framework for providing Sl traceable techniques at
singlephotonlevel

INRiIMmemberof

C the Industry Specification Group (ISG) of the European
Telecommunications Standards Institute (ETSI) to  address
standardizationissues in Quantum Communication to support the
commercializatiorof QKDdevices

C the CENCENELEC/J2€ on QuantumTechnologiegwith the Roadmap
for QuantumTechnologiesStandardization

INRIMinvolvedin

C ECHIgh Level Forum on EuropeanStandardisationWorkStream16 -
Quantum
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European Commission > Strategy > Shaping Europe’s digital future > News >

Shaping Europe’s digital future

DIGIBYTE | 13 June 2019

The future is quantum: EU countries plan
ultra-secure communication network

1
o
1
o
1
o

EuroQCIlEuropean Quantum Communication Infrastructure -



EuroQCOverview

.A An integrated satellite and terrestrial system spanning the whole EU for ultra-secure exchange of
cryptographic keys (Quantum Key Distribution)

A Quantum communication infrastructure (QCI) is part of the European Cybersecurity Strategy and is to be

l ntegrated in the new Secure Space Connectivity
- EuroQCkpace segment EuroQCterrestrial segment

Distribution of quanturrsecured encryption keysona  Federation of national terrestrial QCI networks with
global scale cross borders connections

KeylG®Key2

Source: Eu ropean Commission D. Calonice Alessandro VoltaCernobbio, Apr 15th 2025 f'-:'_f'r':iw 2CA METROLOGIC!



U Deploy advanced national quantum systems and
networks for testing quantum communication
technologies and for integrating them with existing

EUROQCI ITALY: QU@uantumItaly Deployment
communication networks

TN\ 0 Quantum Metropolitan Area Networks (QMAN), 14

i, points in 10 towns: Turin, Milan, Bologna, Padua,
QUANTUM ITALY DEPLOYMEN Trieste, Florence, Aquila, Rome, Naples, Matera.

2023-2025 Coordinator: D. Calonico INRIM u Use th_ese quantum Systems and. networks —for
developing and testing use cases in support of
national QCI initiatives

U Initial Connection of QMANS by ltalian Quantum
Backbone (IQB), from North to South Italy.

18 Partners: 9 Public + 9 Italian Companies
Budget: 9.45 Meuro

Acknowledgements ¢ This presentation has been
developedin the project TheProjectQUID(QUantumitaly
Deployment) which is funded by the European
Commissionn the Digital Europe Programmeunder the
grantagreementN0101091408
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Partners:Developingltalian Science and Industry U
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Deployment: Italian Quantum Backbone:
Fiberbased Quantum metrology and Communication

. . |QB first developed by INRIM for primary frequency metrology
Evolution: platform for quantum metrology and quantum communication

A distinctive infrastructure for innovation

viLano « Time and Frequency

« Relativistic geodesy
« Radioastronomy (VLBI)
« High-resolution spectroscopy

« Seismology/Geophysics

* ¥ %
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*
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« Quantum Communication

Commissione
Europea

!

Space Geodesy Centrg

S. Wengerowsky, et al., PNAS 116, .6684-6688 (2019)

D. Bacco, et al. EPJ Quantum Technology, 6, 1(2019)

S. Wengerowsky, et al. 6, 1 Nature PJ Quantum Information (2020)
D. Bacco, et al. Advanced Quantum Technologies 4, 7 (2021)

C. Clivati, et al. Nature Communications, 13, 1 (2022)
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QuantumMetrology, Communication Space

Medicina
Radiotelescopes

Matera
Space Geodesy Centre
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INRIM AND GALILEO

INRIM collaborates since 20 years with the main European Space industries
and Agencies on time metrology scientific aspects for GNSS applications.

NAZIOMNALE
AETROLOGICA
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SPACE IT UP: a strategic partnership to boost
Italian space technology for the exploration
and exploitation of space. 33 partners -
universities, research centers and industry.

Piedmont

91,6M€ rrojet 10,3 M€ rartners

Value Budget
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INRIM in Space It Up:
\ Quantum in space / Micro devices for sensing /
UR

@ Earth Observation

L) - - 1
Agenzia Spaziale Italiana \ & ‘: ei‘\
S A R
Space It Up is funded by the Italian Space Agency and S AR | \
the Ministry of University and Research - Contract No. ISTITUTO NAZIONALE - A CSS
2024 -5- E.0- CUP No. I153D24000060005. DI RICERCA METROLOGICA . ‘ " 38 .A\“\



Miniaturization of Metrology

4
A ReducedSize/Weight/Power

A Easieoperation

Applications:

A Metorlogyon a chip

A EmpoweringGNS®avigation
A Quantumapplications

Photos by NASARobert HickersoandPierre Borthiryon Unsplash
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INRIM on a Chipenablingnew metrology

INRIM on a chip:
bringingprimary metrologyand
guantum techs ominiaturized
devicespoostingtheir wide use In
society andndustry

INRIMNEXT GEN
Metrology Program:
1Meuro/yr funding
to support new
miniaturized
metrologicaldevices

D. Calonice Alessandro VoltaCefnobbie, AP




INRIM on a Chip Q p Qu e T

PIQUET CleanRoom500m2
s : PIEMONTE QUANTUM ENABLING TECHNOLOGY
55 nanofabbricatiormachinesand QuantumTech Q

PiQuETenablesINRIMon a chip + enablescompactpayloads

HM ae&

Investment

@ piquetlab.it
& info@piquetlab.it

Q Strada delle Cacce 91 Torino

- UNIVERSITA
' 4 _"ﬁi' | | DEGLI STUDI
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VISION The first distributed, integrated, fully
interoperable Researchinfrastructure of European
excellencan Italy for CleanEnergyTransition

MISSIONAddressthe challengesof CleanEnergy.
Transition,Sustainability and CircularEconomy by
providing the scientific community with accessto
nanotechnologyservicesand expertise

essandro VoltaCernobbio, Apr 15th 2025
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