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Time and Frequency Metrology:
who cares?
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T&F Worldwide Market

GNSS: ~ 250 B€/year by 2022

source: European GNSS Agency (GSA), 39 Market Report (2013)

Smart electrical grid: 400 B$ by 2020

Source: GTM Research

~ Open e-IRG Workshop, Rome, 10 November 2014



The Metre Convention

Metre Convention, Parigi 1875
Today 56 members, Italy is co-founder

CGPM: GENERAL CONFERENCE OF
WEIGHTS AND MEASUREMENTS
each 4 years, dall members

CIPM: INTERNATIONAL COMMITTEE OF
WEIGHTS AND MEASUREMENTS
Once a year, 18 members

BUREAU INTERNATIONAL DES POIDS
ET DES MESURES (BIPM)
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ITALY: INRIM In Torino




The Heart of T&F:
Atomic Clocks

40 cm

Commercial Rb Clock
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T&F Relative Accuracy

Quartz Oscillator
1950-1970

1

Commercial Cs Clock
Since ‘90s

J Galileo

Pendolum
cal6ebo

Cs fountain

1 s in 60 milion yrs
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Atomic Cs fountains
worldwide

Worldwide, six Laboratoris use Cs fountains
for the generation of the International Atomic Time:
USA (2 fontane); Francia (3); Italia (2); Germania (2); UK (2); Giappone (2)




Physics and T&F metrology: T
a Nobel Path to get a Cs Fountain¥,4»

S AN 1989
§ Norman F. Ramsey
Hans G. Dehmelt Wolfgang Paul

1997

Stephen Chu, William Phillips,
Claude Cohen-Tannoud,|
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Physics and T&F metrology &; )
a Nobel Path gomg on.. \ /7

2005

John L. Hall,
Theodor W. Hansch

2012

David J. Wineland
Serge Haroche
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Cs Fountain:
how It works
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INRIM clock ensemble

Yb Optlcal Clock




Accurate Time for all: How to?

National Metrological Institues
(Atomic Clocks)

Optlcal_ Fiber Ve % Satellite
Technigues

Techniques




Spreadlng Accurate Time
First Cs clock "

(1955)
First Cs fountain
(1996)
Dissemination
: by Satellite
Cs fountain n1 day
(today) T~
New optical _— Disseminat_ion
clocks (today) by Optical fiber
in1 day
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The Italian T&F Optical Fiber Link

Funded by:

Compagnia

di San Paolo

Optical Fiber by:

Consortium

*3GARR
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Spreading Accurate Time

From NMI to users
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Spreading Accurate Time

From NMI to users
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Spreading Accurate Time

From NMI to users
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Spreading Accurate Time

From NMI to users
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Spreading Accurate Time

From NMI to users
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Measuring time (s)
Fiber Links:

Always better than Commercial Cs

100 s to spread Cs fountains

1000 s for Optical Clocks
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LIFT present impact on research

Frejus: Relativistic Geodesy Firenze: Atomic Physics




Testing Einsteins’s geodetic motion
INRIM-ASI-ISS triangle

(July 2016- January 2018)

Microwave Link
Torino-ISS
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High accurate

Optical Link

Atomic clocks Matera-ISS
Ak N | _ .
e Optical Link- @
Torino- era -A

agenzia spaziale
rtaliana

Space Geodesy % |
Center Bepi Colombo i
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LIFT present impact on industry

Development
Of Atomic Clocks for Space
Milano

\\

Selex ES

A Finme a Company
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Optical Fiber Link European Network
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EMRP -

European Metrology Research Programme
® Programme of EURAMET

EURAMET

Euraopean Association of National Metrology Institutes
The EMRP is jointly funded by the EMRP participating countries

within EURAMET and the European Union ;&
INRIM is partner of the project

NEAT-FT (2012-2015)

Accurate time/frequency comparison and dissemination
through optical telecommunic[:]ation networks

Partners: PTB-Germany (Coordinator), BEV (Austria), INRIM
(Italy), MIKES (Finland), NPL (United Kingdom), OBSPARIS
(France), SP (Sweden), UFE (Czech Republic), VSL (The
Netherlands), CESNET (Czech Republic), AGH (Poland)
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Optical Fiber Link European Network
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Optical Fiber Link European Network

Which Future Role
for the European Community?
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Conclusions

Time and Frequency metrology is a relevant infrastructure
for Science and Society;,

A wide variety of users depends upon T&F facllities;

Spreading accurate time: from the most accurate atomic
clocks to the user;

The role of an Optical Fiber T&F Infrastracture;

Forthcoming European Infrastracture for T&F Optical Fiber
Dissemination,;

Which will be the role of European Union?
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Italy-Germany fiber link: science and navigation

PTB

GNSS GALILEO — INRIM - PTB:

* Link the Galileo Control Centers
(Fucino, Oberpfaffenhofen) to
National Metrological Institues

Munich pTF Galileo (|NR|M-PTB)

= Link INRIM and PTB

_ T = Link Munich-Innsbruck-

<k -"'"HB_“'ZE?‘” Florence (Atomic Physics

| Centers) together and to PTB
and INRIM
\"Bungna
Eirenze
-IR_cma :

Slnnspruck’

SE0cino




T&F metrology and Earth Survey

General Relativity: on Earth, clock shift ~10-1/m over the Geoid.
Investigation on Geoid changes at 10 cm level (10-17)
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INRIM to Bologna:
Frequency reference
For Radioastronomy
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Fiber Link: how It works

1542 nm,
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