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From ad-hoc links to a permanent T&F Network

Milestone: 29 January 
2026: Presentation first 
Dutch Time and 
Frequency network 
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From ad-hoc links to a permanent T&F Network

Historical situation

Built per experiment, on demand

Required dedicated engineering, routing, and calibration
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Growth in demand

Increasing number of timing-critical experiments over time

Requests coming from different research members and 
locations

Conclusion

Need for precise timing is continuous

This justified building a permanent national T&F backbone
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What did we build and how did we get there?

Step 1 – Reuse of existing fiber and optical infrastructure

Step 2 – Deployment of WR-capable network switches
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What did we build and how did we get there?

Step 3 – Developing of calibration methodology

Step 4 – Integration into operations
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Challenges and key decisions

Technology choices

Proprietary solutions <-> open hardware and open firmware

Risk of vendor lock-in <-> internal expertise requirements

Ensuring interoperability across different WR implementations

Support and sustainability

Limited commercial support for niche timing technology

Dependence on community knowledge and expert partners

Need to build in-house operational competence
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Challenges and key decisions

Calibration complexity

Meeting experiment expectations

Risk of “it syncs, but is it good enough?”

Integration with SURF network operations
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Collaboration as necessity, not luxury

The collaboration was essential

No single party covers timing, optical transport, and operations

Many issues only visible at system level

Key partners

NMI (VSL) NREN (CESNET)

Open community

We joined the White Rabbit Collaboration 
as a (counsel) member and participate in the community
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Where are we now, and what are we proud of ? 

Stable White Rabbit backbone

Built on SURF network

24/7 monitoring and operations

Continuous monitoring of synchronization status and link behavior

Faster detection and resolution of timing-related issues

What this enables

Predictable timing performance for experiments
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Partnerships and future outlook for Time & Frequency

Partnerships remain essential

Evolving requirements

New experiments push for higher accuracy and longer distances

Increasing interest from quantum communication and sensing projects

Future direction

Expansion to more sites and cross-border interconnection

Preparation for ultra stable optical carrier transfer alongside time distribution
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“Super-GPS” An urban navigation system with 10-centimeter accuracy

Colaboration between TUdelft, VU University, VSL and SURF

Use Mobile Telecommunication Network to distribute Atomic Clock time

More precise time is better accuracy

Publication in Nature last year

Koelemeij, J.C.J., Dun, H., Diouf, C.E.V. et al. A hybrid optical–wireless network
for decimetre-level terrestrial positioning. Nature 611, 473–478 (2022)

1
2

https://www.tudelft.nl/en/2022/tu-delft/a-navigation-system-with-10-centimeter-accuracy
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The journey still continues
2021 -

• QuantumDeltaNL research (National Growth Fund)

• Distributing optical atomic clocks via SURF

• UvA: Sumit Sarkar, Klaasjan van Druten, Florian Schreck

• VU: Sougandh Kannoth Mavila, Rodrigo Escudero González 

• VSL: Martine Kuiper, Erik Dierikx

• Robust sub-nanosecond network clocks based on atomic clock ensembles and WR

• Towards European T&F infrastructure: GÉANT C-TFN, FOREST

• VSL: Jacoline Boonman, Erik Dierikx

• SURF: Sander Klemann, Paul Klop, Karin Wessel, Migiel de Vos, Maurice Bouwhuis, Robin Janssen

• European collaborators

January 29, 2026FACULTY OF SCIENCE



Robust sub-nanosecond network clocks based on atomic clock ensembles and White Rabbit

January 29, 2026FACULTY OF SCIENCE14

Use case 1 (VU, UvA, VSL, SURF)



LOFAR 2.0 Radio telescope Use Case

LOFAR (Low Frequency Array) is currently the largest radio telescope operating at the 
lowest frequencies that can be observed from Earth. Unlike single-dish telescope, 
LOFAR is a multipurpose sensor network, with an innovative computer and network 
infrastructure that can handle extremely large data volumes.

Afbeelding met kaart

Automatisch gegenereerde beschrijving
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https://www.astron.nl/telescopes/lofar/


Calibrated image without correction for clock & ionosphere



Calibrated image including correction for the clock offset and clock drifts



THANK YOU FOR 
YOUR ATTENTION

Driving innovation together 
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Driving innovation together 
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