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We study the elementary building blocks of matter

and the forces that control thelnehaviour
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We develop our
own technologies
and engineering
capabillities to
cover needs not
addressed by
Industry
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Developed
more than
10 years ago
to control the
accelerators at CERN
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Ensurethat the technology and expertise developed at
CERN can have an impact on society, in particular thrg
Member States industry

Promote CERN as an innovation partner for industr

Demonstratethe importance and impact of fundamenta
research investments

Vd

0



CERN launches the White Rabbit
Collaboration

White Rabbit, an open-source timing technology developed at CERN, has applications
far beyond particle physics. To foster its uptake by industry, CERN has launched the
White Rabbit Collaboration

22 MARCH, 2024

https://home.cern/news/news/knowledgesharing/cernlauncheswhite-rabbit-collaboration

Listen to the talks of the event here:
https://www.white-rabbit.tech/13th_ WR_workshop/
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White Rabbit Technology

to synchronisalevices on fibre optic ethernet network to suilmanosecond accuracy

Fully opersource, commercially
available and based on standards
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Precision Time Protocol

(PTP, IEEE 1588)

PTP limitations:

A Freerunning oscillators

A Symmetry assumption of
medium & hardware

A Timestamp resolution

Frequency
transfer

Phase
detection

Asymmetry
corrections

t

Calculating delays
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IEEE SA

STANDARDS
ASSOCIATION

IEEE Standard for a Precision

Clock Synchronization Protocol for
Networked Measurement and Control
Systems

IEEE Instrumentation and Measurement Society

Developed by the
Technical Committee on Sensor Technology (TC-9)

|EEE Std 1588™-2019
(Revision of IEEE Std 1588-2008)

9 IEEE

ISTANDARDS

www.white-rabbit.tech/ieee1588standard/

White Rabbit, a CERN-born
technology, sets a new global
standard

The Institute of Electrical and Electronics Engineers has incorporated
the White Rabbit technology into its industry standard, maximising its
adoption by industry and other partners in their pursuit to build
innovative solutions for world challenges

https://home.cern/news/news/knowledgesharing/whiterabbit-cern-born-technologysets
new-globalstandard
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Safran

https://safran-navigationr
timing.com/solution/whiterabbit-solutions

SyncTechnology

www.synctechnology.cn

Creotech
https://creotech.pl/news/white-rabbit

www.opnt.nl

G MV* See talk of the WR Workshop this year:
https://cds.cern.ch/record/28935217?In=en

www.gmv.com

*future vendor




*some examples of WR Nodes

D-tAcg

www.d-tacq.com

D-TACQ Solutions Ltd is a premier supplier of turnk
data acquisition products and services.

. PicoQuanis known as a company leading in the fiel

o of pulsed diode lasers, timesolved data
acquisition, single photon counting, and fluorescen
instrumentation.

PicoQuant

: =
‘ 050,020
www.picogquant.com i !

https://www.picoquant.com/products/category/tcspandtime-taggingmodules/multiharp150-high-throughputmultichanneleventtimer-tcspcunit
https://www.picoquant.com/products/category/tcspandtime-taggingmodules/multiharp160

We are a leading company in the design of power
supplies and statef-the-art complete electronic
systems, having its main focus on dedicated soluti
for the particle accelerator community and highd
industrial applications.

CAENels <

Wwww.caenels.com
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https://www.caenels.com/producﬂdamdchzur/



Creating sophisticated stataf-the-art
solutions for wired and radio based
applications in telecommunication and

https://nateurope.com/product/nativer9-mtca4-chassis/ Industrial automation.
https://nateurope.com/product/nativer2-compactmtca4-chassis/

NAT

https://nateurope.com

SPECIALIZED IN ADVANCED COMPUTER
cRIO-WR APPLICATIONS

CompactRIO White Rabbit Module

INCAAComputers

www.incaacomputers.com

www.incaacomputers.com/products/bgtandard/generaby-standard/cricwr/

Experts for the industrial Internet of Things.
Design, implement and operate taitonade 0T
solutions for companies from a wide range of
industries

janztec

Wwww.janztec.com

www.janztec.com/wpcontent/uploads/2020/03/datasheet_vme6dvec.pdf

Ettus Research, an NI brand since 2010,
Aa GKS 62NX RQa f SkRA
defined radio platforms, including the
Universal Software Radio Peripheral
Ettus Research (USRP) family of products

www.ettus.com

www.ettus.com/altproducts/usrpn310/



The Sundance company strategy is to produce a
comprehensive range of products for the high
performance embedded processing market.

sundance

www.sundance.technology

© ADQ7DC @ © P mers @

SYNC TRIG INA  INX

é, Teledyne SP Devices designs, develops, and
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manufactures worldeading modular data

W T il acquisition and signal generation instruments

Teledyne

WWW Spdevices com www.spdevices.com/emis/news/Pages/Newslettewhite-RabbitApplicationNote.aspx
www.spdevices.com/emis/Products_/Documents/ADQ7DCLPD17-D%20ADQ7DC%20datasheet. pdf

Our core activity is the development, production and
marketing of data acquisition board level electronics

Struck

www.struck.de

www.struck.de/sis8160.html
www.struck.de/sis830u.html
www.struck.de/sis1160.html
www.struck.de/confflyers17.pdf
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DEUTSCHE BORSE
GROUP

Time services

State-of-the-art network time synchronisation with the T7/ trading infrastructure

Time Service (PTP)
Time Service (White Rabbit)
https://www.deutscheboerse.com/dbg

en/productsservices/pgechnology/psconnectivity
services/psconnectivityservicestime-services

https://cds.cern.ch/record/28950637In=en
https://www.white-rabbmgth_WR_workshop/




Equinix Precision Time*®

Precise, Reliable, Secure Time as a Service

Introducing Equinix Precision Time

Equinix Precision Time on Platform Equinix” provides
secure PTP and NTP Time as a Service for distributed
enterprise applications. The service uses redundant
and strategically located GNSS antennas with receivers
(includes Rubidium holdover), grandmaster clocks and
the high-performance network backbone of Equinix
Fabric® to deliver secure, reliable and precise

time synchronization.

https:// docs.equinix.corfen-us/Content/Edge
Services/EPT/ERag.htm

EQUINIX

Use cases

Key use cases for Equinix Precision Time include:

Regulatory compliance
Equinix Precision Time helps financial and audio/video broadcast sectors to

meet FINRA, MIiFID Il and SMPTE-2110(PTP), respectively.

Network security and operations

Precise Time is required across the enterprise network infrastructure for
Security Information and Event Management (SIEM/NMS) and improved
log integrity.

Availability

Customers can use Equinix Precision Time throughout North America,
Europe, Asia-Pacific and Latin America via Equinix Fabric.

Technical specifications

Protocols supported
Network Time Protocol -
NTPv4 (RFC 5905) and NTPv3
(including MD5 authentication
supported) (RFC 1305)

Precision Time Protocol -
PTPv2 (IEEE 1588-2008)

Clock sources
GNSS antennas and highly
precise time servers with

idi illator and
PTP/White-Rabbit technology

Technical documentation
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WR for the Galileo Ground Segment
G!' & | NBadzZ 0 2F 0KSAS ST T 2MehiaSpace) the contragtitoN®/&8dp (0 K S
the G2 Ground Mission Segmentlesigned to keep the satellites synchronised with UTC. This
segmenfeatures a number of other major technological innovatiditgs will

deliver greater resilience to time and frequency dissemination in Eurapé provide the Galileo
YSUB2N] SAGK AYLINPOSR LISNF2NXIFYOS Ay GSNya 27

https://www.euramet.org/casestudies/casestudiesdetails/news/defatdBf622bc71
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HOME » SCIENCE ADVANCES > VOL.10,NO.44 > METROPOLITAN-SCALE HERALDED ENTANGLEMENT OF SOLID-STATE QUBITS

RESEARCH ARTICLE = PHYSICS f X in o % O =

Metropolitan-scale heralded entanglement of solid-state qubits

ARIAN J. STOLK ({&), KIAN L. VAN DER ENDEN MARIE-CHRISTINE SLATER , INGMAR TE RAA-DERCKX ({5), [...], AND RONALD HANSON +18 authors ~ Authors Info & Affiliations

SCIENCE ADVANCES - 30 Oct 2024 - Vol 10, Issue 44 - DOL: 10.1126/sciadv.adp6442
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Listen to talk at CERNlanuary 2024): www.science.org/doi/10.1126/sciadv.adp6442

https://cds.cern.ch/record/2922005

White Rabbit
facilitating

entanglement

distribution In
the Netherlands
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Y-pulse is locally

controlled and disciplined

ng

by an optically linked
distributed clock that

doubles as Ethernet
connection (White - Rabbit
protocol ) (38) over a

dedicated fiber.
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https://www.science.org/doi/10.1126/sciadv.adp6442#core-R38

Article

A hybrid optical-wireless network for
decimetre-level terrestrial positioning

https://doi.org/10.1038/s41586-022-05315-7

Received: 13 September 2021

Accepted: 2 September 2022

Published online: 16 November 2022

R Check for updates

www.nature.conarticles/s41586
-022-053157

Jeroen C. J. Koelemeij', Han Dun?, Cherif E. V. Diouf?, Erik F. Dierikx®, Gerard J. M. Janssen?
& Christian C. J. M. Tiberius?™

Global navigation satellite systems (GNSS) are widely used for navigationand time
distribution', features that are indispensable for critical infrastructure such as mobile
communication networks, as well as emerging technologies such as automated driving
and sustainable energy grids**. Although GNSS can provide centimetre-level precision,
GNSSreceivers are prone to many-metre errors owing to multipath propagationand
anobstructed view of the sky, which occur particularly inurban areas where accurate
positioning is most needed">®. Moreover, the vulnerabilities of GNSS, combined with
the lack of aback-up system, pose a severe risk to GNSS-dependent technologies”.

Here we demonstrate a terrestrial positioning system that is independent of GNSS
and offers superior performance through a constellation of radio transmitters,
connected and time-synchronized at the subnanosecond level through a fibre-optic
Ethernet network®. Using optical and wireless transmission schemes similar to those
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www.white-rabbit.tech/13th_ WR_workshop/

We have also started
developing a BTFS (Belgian
Time & Frequency) service
in 2024 that builds on the
BOOSTED project, namely
the provision of a time signal
based on the White Rabbit
protocol.

https:// www.belnet.bd en/news-
events/news/boosteda-promisingproject-paving
way-new-technologies

Sub-ns long-haul
dissemination of UTC
using
WR in Switzerland

Antoine Jallageas, METAS
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< s

https://iris.inrim.it/retrieve/handle/11696/6613
4/dd2573c2cbc5e71ce053
d805fe0ad5dc/ISPSC_Calonico.pdf

B Precise time transmission over 2200+ km S

cesnet

Time Transfers cesnet
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Time Transfer Adapters

project

Own developed, FPGA based TDEV ~ 20-30ps
[l White Rabbit
Commercially available, based on CERN OHWR
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https://events.geant.org/event/1581/sessions/770/attachments/940/1400/Cntr
_wide_WR.pdf
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European :
.. @ English
Commission J

EU Science Hub

Home > Scientific activities A-Z > Critical infrastructure protection > Alternative Position, Navigation and Timing (AlItPNT)

Alternative Position, Navigation and Timing (AItPNT)

JRC conducted testing campaigns of the mature technologies able to provide precise time and

position, without use of navigation satellites. Aim is to strengthen EU economy and critical
infrastructure resilience.

Read more: Several solutions tested involved WR Technology
https://joint -researchcentre.ec.europa.eu/scientifiactivitiesz/criticakinfrastructureprotection/alternativepnt_en
https://publications.jrc.ec.europa.eu/repository/handle/JRC132737
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https://joint -researchcentre.ec.europa.eu/document/download/c4574d4®40406¢ch6ba
a65ea9289317_en?filename=ERRI23 EN_ 101.pdf



