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METAS is the Federal 
Government's 
competence center for 
all questions relating to 
measurement, 
measuring equipment 
and measuring methods. 
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METAS 
in figures (31.12.2025)
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258
employees

76 %
men

24 %
women

4
interns

78 % German
2 % Italian

20 % French80%   with a scientific background

9
apprentices

60 MCHF
revenue

58%
ratio of self-financing

0,1 MCHF
profit

6
doctoral students



Fuelpumps
Scales

Electricitymeters

Speed measuringequipment

Tape measures

Atomic clocksSwiss time

Breath alcoholmeters

Measurementnetworks

Food safety

Particlemeasurements

METAS: omnipresent
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Ø The official time in Switzerland is UTC(CH) 

Ø METAS is in charge of the realization and the diffusion of UTC(CH)



UTC Coordinate Universal Time
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Data of about 450 atomic clocks are continuously compared 
worldwide

EAL (Echelle Atomique Libre)
stable, uncalibrated time scale

TAI (Temps Atomique International)

UTC = TAI + N leap seconds

Monthly Analysis with 
ALGOS Algorithm

Calibration with Primary and Secundary
standards

BIPM
Bureau International des
Poids et Mesures (Paris)

Primary (≈15) and Secondary (9) 
frequency standards 

Realize a local 
definition of the 
second

Distributed over 94 institutes

Distributed over 12 
institutes

Each country has it own 
realization of UTC: UTC(k)

Not every country has a 
physical realization of the SI-
second but…

UTC(CH) is the Swiss 
realization of UTC

METAS has a PFS: FoCS-2

UTC(k)

Clocki – UTC(k)

GNSS Two Way TF transfer



• What is the minimum number of clocks?

• 1 to make a master clock (MC=CLK + FS)

• 1 to have a backup to the master clock

• 1 to discriminate a malfunctioning clock

• 1 to have a backup for discrimination

Ø minimum 4 clocks for a redundant system.

• At METAS we have 5 atomic clocks, why?

Ø To have one more clock before reaching the limit of 4 clocks.

How UTC(CH) is generated?
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MC = Master Clock
It is the combination of 
1. A free running clock (CLK)
2. A frequency synthesizer (FS)
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CLK 1

CLK 2

CLK 3

CLK 4

CLK 5

How UTC(CH) is generated?
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AHM

PHM

PHM

Cs

Cs

• 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. 

How UTC(CH) is generated?
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UTC(CH) 10 MHz

UTC(CH) 1-PPS

TWSTFT 
modem

GNSS rcvr

GNSS rcvr

A/B
switch

UTC(CH) is linked to UTC and TAI via satellite comparisons.
Ø The main link is the Two-Way Satellite Time and Frequency 

Transfer (TWSTFT) link.
Ø 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.

The signals are used for many different applications:
Ø Frequency dissemination using optical fibre networks
Ø Time dissemination using fibre-optic networks (White Rabbit)
Ø Reference for different T&F measurement locations
Ø FoCS-2
Ø Reference for frequency comb
Ø Etc...

How UTC(CH) is generated?
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UTC(CH) 10 MHz

UTC(CH) 1-PPS

TWSTFT 
modem

GNSS rcvr

GNSS rcvr

A/B
switch GNSS antenna

TWSTFT antennaBundeshaus

How UTC(CH) is generated?



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

UTC(CH) over the last 20 years
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§ Today UTC(CH) is already very accurate and stable

§ In the future, it will be even better (new generation of atomic clocks, ...)

§ But today, we require:

About timescales…

Ø Improved dissemination techniques

ØVariety in techniques to provide resilience

§ New definition of the second
§ Support for large scale projects (quantum networks, particle colliders, astronomy…)
§ Support for industry (distributed systems, telecom, transport…)

§ Resilience to satellite techniques
§ Solution for multi-site time scales
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Conclusion/take home messages

ØUTC(CH) is the legal time in Switzerland. It is a very 
accurate and stable time reference.

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

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



Thank you for your 
attention!
antoine.jallageas@metas.ch



What are the needs?
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§ Contribute to the realization of UTC

§ Reference for Finance

§ Support for industry

§ Collaboration with research

Ø Required ns accuracy

Ø Required μs accuracy

Ø Required various level accuracy

Ø Required ns accuracy
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§ Contribute to the realization of UTC

§ Reference for Finance

§ Support for industry

§ Collaboration with research

§ New definition of the second

What are the new/futures needs?

§ Better performance
§ More resilience

§ New domains

Ø Required ns accuracy

Ø Required μs accuracy

Ø Required various level accuracy

Ø Required μs accuracy

Ø Required sub-ns accuracy

Ø Required new technologies

Ø Required new technologies

Ø Required better accuracy and 
new technologies
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How to disseminate T&F references?
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Timescale
Atomic clock Emitter

Dissemination 
process/medium

Receiver User 
system

Ø By satellite methods

Ø By transportable clocks
Ø By optical fiber/network



How to disseminate over a fiber network?
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Timescale Emitter
Optical fiber/

Computer network

Receiver Customer 
system

§ Precision Time protocol – WHITE RABBIT (PTP-WR)
Ø Extension of PTP

Ø Allow sub nanosecond accuracy and stability

§ Fully open:
§ hardware
§ software

§ https://white-rabbit.web.cern.ch/

Ø Needs calibrations

Ø Offer the perfect redundancy to satellite techniques



Optical fiber network
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§ Foundation SWITCH:
Ø Connects all universities
Ø Around 50 points of presence 

all over Switzerland 



White Rabbit Network
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ØLoop network
ØTotal span of 491 km
ØMultiplexed into Switch telecommunication network
ØDWDM L-band, spectrally separated from data traffic



White Rabbit at METAS
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REF
(UTC(CH))

WR
GM

WRS 1

METAS SWITCH
Optical fiber 

network

OADF OADF

WRS 2

OADF OADF

Oscilloscope

1-PPS signal

1-PPS signal

PCO

10 MHz signal

10 MHz signal WR
Local GM

WRS

Somehwere on the 
network…

1-PPS signal



Result
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Ø Total uncertainty of disseminated UTC(CH): - 84 +/- 415 ps
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Jallageas et al., JOCN,
Vol. 17, Issue 7, 631-637, 2025
10.1364/JOCN.560593

NOT low-jitter WRS



• Realization of the Time and Frequency 
references
Ø Timescales UTC and UTC(k)
Ø Definition of the second
Ø Traceability to the International System of 

Unit

What is the Time and Frequency 
Metrology?

• Dissemination of the TF references
Ø Satellites
Ø Optical fibers
Ø Others…
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• Measurement capabilities
Ø Time interval
Ø Frequency
Ø Stability

• Support to the research and industry
Ø Telecommunication
Ø Finance
Ø Networks (internet, electrical etc.)
Ø Watch industry
Ø Fundamental and Quantum sciences
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-1 • UTC(CH) must operate continuously 
without interruption. 

• To guarantee this, most of the 
instruments are doubled

How UTC(CH) is generated?
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Real Time 
controller

Real Time 
controller

Real Time 
controller

CRIO

CRIO

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

How UTC(CH) is generated?
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Real Time 
controller

Real Time 
controller

Real Time 
controller

CRIO

CRIO

MCA
10 MHz FS-1 & PPS divider

MCB
10 MHz FS-1 & PPS divider

5/
10

 M
H

z 
Ph

as
e 

C
om

pa
ra

to
r V

C
H

-2

5/
10

 M
H

z 
Ph

as
e 

C
om

pa
ra

to
r V

C
H

-1

• The 3 RT controllers send 
frequency correction to the 
FS

How UTC(CH) is generated?

• The 3 RT controllers run the 
ART (Autotime Real Time) 
time scale algorithm 
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• The 3 RT controllers send 
frequency correction to the 
FS

How UTC(CH) is generated?

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

A/B
switch

UTC(CH) 10 MHz

UTC(CH) 1-PPS


