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941.27 Loi du 17 juin 2011 sur l'Institut fédéral de métrologie (LIFM)

B Index Z Inverser les langues < Précédent > Suivant

4 Art. 2 Objectifs
» Art. 4 Collaboration et recours a des tiers

Art. 3 Taches

T l'Institut est I'institut national de métrologie de la Suisse.

2|l a les taches suivantes:

a. mettre & disposition avec la précision requise des unités de mesure
reconnues au niveau international;

b. comparer, a des intervalles appropriés, les étalons a ceux des autres instituts
nationaux de métrologie ou des institutions comparables;

c. diffuser I'neure légale suisse;

d. entreprendre les travaux techniques et scientifiques et les travaux de
développement nécessaires, analyser, notamment, les conséquences des
techniques nouvelles et élaborer des méthodes de mesure ayant une
application pratique et répondant a I'état le plus récent des connaissances
scientifiques;

e. exercer les taches qui lui sont conférées par la loi fédérale du 17 juin 2011 sur
la métrologie?;

participer a la coopération technique dans le domaine de la métrologie;
conseiller les autorités fédérales dans le domaine de la métrologie;

> a ~

assurer la tragabilité des étalons des organes d’exécution cantonaux;

diffuser les unités de mesure visées a la let. a par des étalonnages et a l'aide
de matériaux de référence.

3 L'Institut participe a I'élaboration des textes législatifs dans les domaines
énonceés a l'al. 2.

4 Le Conseil fédéral peut autoriser I'lnstitut a représenter la Confédération dans
des organisations et des associations internationales pour les questions
concernant la métrologie.

511 peut attribuer d’autres taches a I'Institut, contre indemnité, dans le cadre des
objectifs visés a l'art. 2.

% RS 941.20; FF 2011 4513

@ METAS

> The official time in Switzerland is UTC(CH)

» METAS is in charge of the realization and the diffusion of UTC(CH)
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UTC Coordinate Universal Time O METAS

N - BIPM Each country has it own
= Bureau International des . ]
- Poids et Mesures (Paris) realization of UTC: UTC(k)

UTC(CH) is the Swiss
ML Algartm realization of UTC
EAL (Echelle Atomique Libre) Not evew CcCOou ntry has a
stable, uncalibrated time scale

physical realization of the SlI-
second but...

METAS has a PFS: FoCS-2

Calibration with Primary and Secundary
standards

TAI (Temps Atomique International)

.

I UTC = TAI + N leap seconds I

31.08.26



How UTC(CH) is generated?

*  What is the minimum number of clocks?

@ METAS

MC = Master Clock

It is the combination of

1. A free running clock (CLK)
2. A frequency synthesizer (FS)
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How UTC(CH) is generated?

CLK 1
CLK 2
CLK 3
CLK 4

CLK 5
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How UTC(CH) is generated?
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@ METAS

» As well as redundancy, we
wanted to benefit from the
advantages of each type of
clock.
» An active maser for the short
term stability
A caesium for the long term
stability

* This ‘mixing’ is achieved by
means of time-scale
algorithms.
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How UTC(CH) is generated? O METAS

— UTC(CH) 10 MHz

» UTC(CH) 1-PPS

—_—

The signals are used for many different applications:

Frequency dissemination using optical fibre networks

Time dissemination using fibre-optic networks (White Rabbit)
Reference for different T&F measurement locations

FoCS-2

Reference for frequency comb

Etc...

VVVVVYVYY

UTC(CH) is linked to UTC and TAl via satellite comparisons.

» The main link is the Two-Way Satellite Time and Frequency
Transfer (TWSTFT) link.

» We also use 2 GNSS receivers for other international
comparisons.

These 3 links are regularly calibrated during calibration

campaigns carried out by the BIPM and EURAMET.
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How UTC(CH) is generated? O METAS

— UTC(CH) 10 MHz

» UTC(CH) 1-PPS
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UTC(CH) over the last 20 years O METAS

+ Today, UTC(CH) is typically within 1 nanosecond in agreement with UTC

UTC to UTC(CH)

UTC to UTC(CH)

6 ns
4 ns
2ns
O ns
-2 ns
-4 ns

-6 ns
09.2025 10.2025 11.2025 12.2025 01.2026 02.2026 03.2026 04.2026 05.2026 06.2026 07.2026 08.2026

rapidUTC_UTCCH == UTC_UTCCH

31.08.26




About timescales... O METAS

» Today UTC(CH) is already very accurate and stable

= |n the future, it will be even better (new generation of atomic clocks, ...)

= But today, we require:

» Improved dissemination techniques

= New definition of the second

= Support for large scale projects (quantum networks, particle colliders, astronomy...)
= Support for industry (distributed systems, telecom, transport...)

» Variety in techniques to provide resilience

» Resilience to satellite techniques
= Solution for multi-site time scales
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> UTC(CH) is the legal time in Switzerland. It is a very
accurate and stable time reference.

> Switzerland’s industrial base and the diversity of its
manufacturers enable an efficient timescale experiment

» It may be disseminated to a wide range of users thanks to
various techniques :

6
7

R - . ™ w
= —— R <L X SN
e = - S
S b N8
_— — \ AN o\
N e — - T\
h W

k 4 / ¢ | o P ey
LN 4 2 j/ Tl 8 4 :
So - S | Fiy
=B l ki g L= o
L VTN | —y

L/ _
¥

Z |
L

|

o
o




Thank you for your
attention!

antoine.jallageas@metas.ch

METAS Schweizerische Eidgenossenschaft
Confédération suisse
lhre Referenz. Confederazione Svizzera

Confederaziun svizra

Eidgendssisches Institut fiir Metrologie METAS



What are the needs? O METAS

Contribute to the realization of UTC
» Required ns accuracy

Reference for Finance
> Required pys accuracy

Support for industry
> Required various level accuracy

Collaboration with research
» Required ns accuracy

ISSN 1143-1393

Maximum

Granularity of
the

divergence
Type of trading activity Nacrrintinn from

Sl-traceable frequency dissemination at
1572.06 nm in a stabilized fiber network with
ring topology
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2ETH Zurich, Institute for Quanturn Electranics, Auguste- Piccard-Hof 1, CH- 8093 Zurich, Switzeriand
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* derinik. husmarn @metas.ch

Ay UuiS uauny acuvily e

e 1 millisecond
table. better

31.08.26




What are the new/futures needs?

=  Contribute to the realization of UTC
» Required ns accuracy

* New definition of the second
» Required sub-ns accuracy

= Reference for Finance
» Required pys accuracy
= Better performance
» More resilience
» Required new technologies
»  Support for industry
» Required various level accuracy

= New domains

> Required new technologies
= Collaboration with research

» Required ps accuracy

» Required better accuracy and
new technologies

Geodesy/Topology
» 1 m accuracy means 10~1¢
» 1cmmeans 10718

Astronomy
» Very Long Base Interferometry

Particle physics
- At CERN with White Rabbit

Spectroscopy
» Need better frequency reference
« Traceability

Quantum physics
» Networks for quantum physics
* Quantum time transfer

@ METAS

Geodetic determination of the gravitational potential difference
for an optical lattice clock comparison in the Kanto region in

Japan . t
vk ok S ; urate
VLBI experiments with the di ination of a clock via coherent
optical fiber link
R Roai®, M Neguans, F Perin. C Bortololy, M Roma, G Maccafern, M. Stag, C Clival, A Murs,
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Sl-traceable frequency dissemination at 1572.06 nmin a
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Fiber-optic two-way quantum time transfer with frequency
entangled pulses
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How to disseminate T&F references? © METAS

Timescale

. . User
. Emitter Receiver .
Atomic clock Dissemination Svstem
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> By satellite methods

> By optical fiber/network /8




How to disseminate over a fiber network? © METAS

Timescale Emitter . . Receiver Gl
Optical fiber/ system

Computer network

C\ﬁw The White Rabbit Project g =
~7_ “

= Precision Time protocol - WHITE RABBIT (PTP-WR) = Fully open:

> Extension of PTP » hardware
= software

» Allow sub nanosecond accuracy and stability

» https://white-rabbit.web.cern.ch/

» Offer the perfect redundancy to satellite techniques

> Needs calibrations 31.08.26



ptical fiber networ O METAS
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-y — » Connects all universities

ABC  Institute
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» Around 50 points of presence
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White Rabbit Network
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»Loop network

» Total span of 491 km

»Multiplexed into Switch telecommunication network
»DWDM L-band, spectrally separated from data traffic
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White Rabbit at METAS
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What is the Time and Frequency O METAS
Metrology?

* Realization of the Time and Frequency » Dissemination of the TF references
references > Satellites

» Timescales UTC and UTC(k) » Optical fibers

» Definition of the second » Others...
» Traceability to the International System of

+ Measurement capabilities \ » Support to the research and industry
» Time interval » Telecommunication
» Frequency » Finance
» Stability » Networks (internet, electrical etc.)
» Watch industry
» Fundamental and Quantum sciences
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How UTC(CH) is generated? O METAS

» UTC(CH) must operate continuously
without interruption.

» To guarantee this, most of the
instruments are doubled

S

5/10 MHz Phase Comparator VCH-1
5/10 MHz Phase Comparator VCH-2

S

o o 2 . Z
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How UTC(CH) is generated? O METAS

* The 3 RT controllers run the
Real Time ART (Autotime Real Time)
time scale algorithm

S

Real Time
controller

5/10 MHz Phase Comparator VCH-1
5/10 MHz Phase Comparator VCH-2

S Real Time

controller
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How UTC(CH) is generated?

MCA
10 MHz FS-1 & PPS divider

MCB
10 MHz FS-1 & PPS divider

PHM

Real Time
controller

C

Real Time
controller

5/10 MHz Phase Comparator VCH-1
5/10 MHz Phase Comparator VCH-2

C

Real Time
controller

II

-

@ METAS

* The 3 RT controllers run the
ART (Autotime Real Time)
time scale algorithm

* The 3 RT controllers send
frequency correction to the

FS

31.08.26



How UTC(CH) is generated? O METAS

UTC(CH) 10 MHz

AHM >
MCA |
10 MHz FS-1 & PPS divider N
- A/B
switch -
B UTC(CH) 1-PPS
MCB ]
10 MHz FS-1 & PPS divider
PHM * The 3 RT controllers run the

R e ART (Autotime Real Time)
CRIO 4 time scale algorithm

Real Time * The 3 RT controllers send

controller frequency correction to the
FS

C

5/10 MHz Phase Comparator VCH-1
5/10 MHz Phase Compar:ator VCH-2

C

Real Time
controller

II

-
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