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Automatisch generierte Beschreibung

METAS is the Swiss 
Federal Government's 
competence center for 
all questions relating to 
measurement, 
measuring equipment 
and measuring methods . 
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METAS 
in figures
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255
employees

80,6%
men

19,4%
women

20
apprenticeships

      6 internships

79,7 % German

3% Italian

17,3% French
4ù5 with a scientific -technical background

20
training  places

53,1 MCHF
sales  volume

55 %
degree  of  self -financing

1,2 MCHF
profit

2
    doctoral  students



Time and frequency 
at METAS
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Legal basis

11.03.2026BTFS Workshop 2026 Bruxelles 6



Aufzählungen über das Register Start ein/ausschalten ï Für Titel im Text «FETT» aktivieren

The Swiss realization of UTC: UTC(CH)
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Å 5-6 atomic clocks

Å Full redundancy guarantees continuity even in case of critical failures

Å GNSS receivers and a TWSTFT station for international time comparison
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FoCS-2: Caesium Fountain Clock
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Federal palace
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International UTC comparison via satellite
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TWSTFT Antenna

Two-way satellite time-frequency

transfer 

GNSS Antenna
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Å Today, UTC(CH) is typically within 1 nanosecond in agreement with UTC

UTC(CH) over the last 20 years
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Overview: T/F Dissemination
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White Rabbit Optical frequency dissemination

Performance Synchronicity

Å < 0.1 nanosecond 

Uncertainty from UTC(CH)

Å ~ 0.5 nanosecond

Fractional frequency stability

Å 10-13 short term

Å 10-15 long term

Å 10-19 link limit

Network load CH84+85 (1590 nm +1591 nm) CH07 (1572.07 nm)

Stakeholders Industry

Å Clock/watch industry, fintech, telecom, 

Defense, PNT, public transport

Å General: companies that require resilience 

for GNSS receivers

Research

Å Information technology

Å Astrophysics

Å Large-scale facilities

Industry

Å Atomic clock manufacturers

Å Laser industry

Research

Å Fundamental physics

Å Precision spectroscopy

Å Geophysics

Initial push Industrial (finance, defense) Scientific (precision spectroscopy)



White Rabbit network
ñTDISò ïTime Dissemination
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Result

15

üTotal span of 491 km

üMultiplexed into Switch telecommunication network

üDWDM L-band, spectrally separated from data traffic

üTotal 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



Swiss Frequency Link



Swiss optical frequency metrology network
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Å Dissemination optical reference frequency to 
academic institutes via fiber network

Å ETH Zurich

Å University of Basel

Å Traceable to SI second

Å optical Ÿ maser Ÿ UTC(CH) Ÿ TAI Ÿ TT

Å Todayôs users

Å Prof. Stefan Willitsch (UniBasel)

Å Prof. Frédéric Merkt (ETHZ)

Å Main application: referencing lasers used in
precision spectroscopy lasers

Å Network implementation:

Å Optical signal in L-band ITU-T Channel 07 (190.7 THz)

Å DWDM network architecture, shared with data traffic

Å Bidir EDFAs optimized for L-band

Å Active noise suppression by phase noise cancellation, 
provided by INRIM 

Å [1]

Å [2] S. Noe et al., Scientific Reports 13 (2023) 1-7

Figures from D. Husmann et al., Opt. Express 29 (2021) 24592-24605 Opt. Express 29 (2021) 24592-24605 
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Swiss optical frequency metrology network
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Item Value

Operating wavelength 1572.06 nm

ITU-T Channel CH07

Total length 456 km

# Segments 3

# Bidir EDFA 2 / 2 / 3

# Regeneration stations 2 (Basel, Zurich)Geodata Source: Bundesamt für Landestopografie

Map created using the Free and Open Source QGIS
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Fiber sensing



Phase noise cancellation

Å Fibers act as microphones é

Å é picking up noise from environment (temperature, acoustic vibrations)

Å Causes variation of optical path length and thus phase

Å Distorts the stable frequency at the recipient end

Å ­ Requires phase noise read-out and compensation
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Time scales  of observed  processes
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Seismic Temperature Anthropogenic
Fourier Frequency

10 Hz 100 Hz 1 Hz 0.001 Hz Slow Fast

Detection limit



Signals on the fiber: seismic
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Seismic signals
Sept 10, 2022: Mulhouse Earthquake Mag 3.9

ÅSimulate impact on fiber, based on 1-D seismic velocity model

ÅQuantitative agreement between model and data

BTFS Workshop 2026 Bruxelles

Sebastian Noe (check out youtube movie!)

https://www.youtube.com/watch?v=vFkPJ-SBe9s

Prof. Andreas Fichtner 

https://www.youtube.com/watch?v=vFkPJ-SBe9s
https://www.youtube.com/watch?v=vFkPJ-SBe9s
https://www.youtube.com/watch?v=vFkPJ-SBe9s


Anthropogenic noise



Frequency  correction : time resolved  spectrum
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Å 500 sps -> 50 sps

Å Short time Fourier transfrom: 22 min window

BTFS Workshop 2026 Bruxelles

Frequency correction time traces
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Frequency  correction : time resolved  spectrum
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Noise spectrogram over 3 weeks
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Sat Sun Mon Tue Wed Thu Fri 
Å Frequency correction time traces

Å 500 sps -> 50 sps

Å Short time Fourier transfrom: 22 min 

window

August 1, Swiss national holiday  

Reduced  noise  on weekends
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Frequency  correction : time resolved  spectrum
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Å Frequency correction ï the óanti-noiseô ï is extremely rich in features

Å Interpretation is difficult, as noise is integrated along the full extent of the fiber

Å Spatial resolution is not given (as opposed to e.g. distributed acoustic sensing systems)
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Å When monitoring the noise seen by the fiber, we observe transient signal of several seconds duration

Å We interpret these as trains passing over the fiber at certain points along the route.

Å Can we identify identical train types and length, and reconstruct their schedule?

Impact of trains  on the fiber
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A) Geographic path of the fiber

B) Typical noise, showing 2 features

C) Zoom into a feature

Interpretation: SBB train passing over 

our fiber at 03:13:36 - 03:13:52 UTC+0. 

Location unknown a priori, but geodata 

of fiber suggests between Basel and 

Sissach

features
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Data processing
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Short time Fourier 

transform STFT
Hann window: 5.12 s

Step size 1.28 s

1 h time series
Normalize, 

logarithmize and 

cap limits

129x2813

Time-frequency bins
8 months of data

July 2022 to 

March 2023

500 samples per second
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Spectrogram  over  1 hour
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Data processing
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Short time Fourier 

transform STFT
Hann window: 5.12 s

Step size 1.28 s

1 h time series
Normalize, 

logarithmize and 

cap limits

129x2813

Time-frequency bins

Modified Shannon 

entropy

Threshold 

detection

Spectral 

Feature 

extraction

ROIs
Pre-clustering

Agglomerative 

Hierarchical Clustering

Dimensionality

reduction
t-SNE

Final 

clustering
DBSCAN

8 months of data
July 2022 to 

March 2023

500 samples per second

Procedure designed and exectued 

by Serge Zaugg, METAS
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Spectrogram  over  1 hour
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Extract all ROIs and cluster them according to their spectral «fingerprint» 
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Example  of a cluster
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Each of the 30 spectra correspond to a ROI / event.

The algorithm has grouped them together in the same cluster due to their spectral likeliness
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Example  of a cluster
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Cluster are defined purely by spectral features (not e.g. absolute time, duration ...)
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Example  of a cluster
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Final clusters  in 2D feature space
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Å The 129 spectral features (representing the 129 

frequency bins) are mapped to 2D space using t-SNE

Å T-SNE: t-disctributed Stochastic Neighbour Embedding

Å Clustering: DBSCAN: A density-based algorithm for 

discovering clusters in large spatial databases with noise

Å There are many well defined clusters detected
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Time stamps  of ROIs: hour  of day
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Å Each dot corresponds to an observed feature

Å Each colour corresponds to a cluster of similar 

features

Å For selected clusters, we see that the features 

occur every day at the same time

Å Horizontal alignment of dots indicates events 

that occur each day at the same time

Å Is this the SBB timetable we have revealed 

here?
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Time stamps  of ROIs: minute  of hour
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Å Plotting the clusters as óminute of the hourô 

reveals even higher level of scheduling

Å Some clusters are rather irregular (e.g. 

orange points)

Å Other are very regular:

(e.g. green points: events occur every day 

at xx:05 and XX:35, i.e., on a half hour 

schedule)
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Å We have presented ...

Å ... the current setup of UTC(CH) with its dissemination methods

Å ... White Rabbit based time dissemination over 450 km

Å ... phase-stabilized optical frequency dissemination for precision spectroscopy

Å ... various fiber sensing exploits of the frequency correction signal

Å Seismic

Å Anthropogenic

Wrap-up
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Outlook
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Å National Centre of Competence in Research: NCCR PRECISION

Å NCCR: Long-term funding for key strategic research areas in Switzerland (6 out of ~80 proposals accepted)

Å Objectives NCCR PRECISION:

Å high-precision measurements on atoms, molecules, and systems with antimatter to understand new physical 
phenomena

Å development of high-precision measurement methods using controlled quantum states

Å development of light-based photonic technologies to further increase measurement precision

Å development of highly sensitive sensors based on atomic and solid-state systems to precisely measure 
electromagnetic fields or gravity.

Å Structural aspects

Å Development of an optical clock

Å Extension of frequency dissemination network

Å Scope: 32 research groups all over Switzerland; Duration: 4-12 years

Å Time/Frequency services for industry

Å Development of time / frequency over fiber as a service, to provide resilient time to Swiss industry
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Collaborations and funding
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