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Outline

• Motivations

• REFIMEVE

• WR on xDWDM active telecom network

• WR network in Paris area 

• On-going projects and outlook
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REFIMEVE

•Mutualisation

• Time and frequency reference systems

• Fiber networks (national, regional,…) for education and research

•T/F as a service

•To date : ~30 academic research laboratories. +20 physically connected as of 03/2024

•6 research infrastructures: SOLEIL, ESRF, IRAM, LOFAR, LSM, + CERN

• Industrial partnership & societal impact

•Open access (FAIR)

Key concepts

Built with 2 large investment programs
REFIMEVE+ ~7M€ (2012-2024)

T-REFIMEVE ~10 M€ (2021-2029)
Acknowledged as 

national research infrastructure by 2021
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Refimeve network map (2024)

• Optical carrier at ~200 THz (NIR)

• Fully bidirectional

• 3 international connections 

PTB, NPL, INRIM > IQB

New: CERN connected March 2023

New: Belgium-France cross-connection planned

• Clocks (microwave and optical) at INRIM, PTB, 

NPL, and SYRTE are connected with fiber 

network

• REFIMEVE connects +20 labs by 03/2024, 

among which FEMTO-ST, UTINAM, IJCLAB, 

LAC, LPNHE

ESRF,  SOLEIL, IRAM to be connected < 06/2025

NPL PTB

SYRTE

INRIM

CERN

You are here

ORB/SMD

IQB
Network
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• Extension to Brest 

• +14 new users

• RF (1GHz) and time signal on the optical carrier (bi-

directional, highest performance)

• WR: 10 MHz and time signal, additional channel, 

mono-directional

• Mobile platform: 

• A test facility for the REFIMEVE users and 

exploration of chronometric geodesy

• Extraction of the REFIMEVE signal

• Transportable shelter with ultra-stable cavity, 

comb, and room to host a transportable clock 

or a transportable quantum sensor

T-Refimeve: 8-years project to extend the network

NPL PTB

SYRTE

CERN

INRIM

ORB/SMD
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Why White Rabbit when you have optical carrier ?4.6. A long haul telecommunication span White Rabbit link 101

FIGURE 4.31: Allan Deviation for the 500 km cascaded White Rabbit
link and comparison with different GPS receivers. Solid line depicts
stability calculated from Frequency data, Dashed line depicts stability

calculated from Phase data.

orders of magnitude. We also compare the performance with the widely used Quart-
zLock E8000 GPS disciplined frequency and time standard and we observe that at
long term (from 1000 seconds of integration time) our cascaded link has better per-
formance by almost two orders of magnitude. Thus, it clearly exhibits that White
Rabbit technology surpasses the performance of commercial GPS systems.

From Fig. 4.31 we notice that WR attains a frequency stability of about 2 ⇥ 10�14

in about one hour of measurement time whereas the GPS systems reach the same
level of performance after averaging down for more than a month. Such impressive
short term performance of WR would be greatly advantageous for the application
of Certification of local oscillators, with the user benefiting from just few hours of
calibration time.

4.6.3 Time stability performance

The time interval data for the 500 km stage is presented as the blue trace in Fig. 4.32
for fifteen days of consecutive measurement. The peak to peak fluctuations are of
about 2.5 ns. These time fluctuations show some limitation for the accuracy and for
the stability performance.

Fig. 4.32 also displays the temperature fluctuations of about 2 K over the same

• Complement the optical carrier service with RF 

and time services

• For REFIMEVE:  

• RF and time dissemination 

• for measurements at nodes

• For measurements at user’s end

• Allows cross-comparisons and self-assessment 

• For industrial applications : 

• 1E-13 accuracy in 10 s instead of 1-2 days

N. Kaur doi: 10.1109/TUFFC.2021.3134163. (2022)
N. Kaur, phdthesis https://hal.archives-ouvertes.fr/tel-01909292
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WR network: plans and challenges

• DWDM:  

• No dedicated optical amplifiers : no CAPEX, no OPEX

• No allocation of a single-one wavelength

• Integration as an alien wavelength for RENATER

• 1 Gb/s.  Transport at10/100 Gb/s ? 

• Challenges :

• Mitigate link asymmetry 

• Mitigate chromatic dispersion for link > 1000 km

• Interface with critical infrastructures: 

• Decision processes

• Live monitoring, network security,…

• Traceability

• R&D : High performance WR node and capability at 10 Gb/s : see 

Daniel Charlet’s talk this morning

From Werner Weiershausen, Malte Schneiders, 
Optically Amplified WDM Networks, Chap. Transport 
Solutions for Optically Amplified Networks, p. 297-339 
(2011)
https://doi.org/10.1016/B978-0-12-374965-9.10011-1
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WR network: regional area by Paris
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H-Maser

Map Set-up

• Grand Master seeded with UTC(OP)

• In campus: closure measurements on PPS and 10 MHz

• At Thales : measurement versus atomic clock

• At LPNHE: measurement versus passive H-Maser

• At LPL: measurement versus fiber links (optical + RF) + GNSS

• Elsewhere : only self monitoring 

• 1310/1490 when link < 5 km

• 1510, 1550, 1560 nm, … (DWDM) 

when link > 10 km
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WR network: traceability to the source

• We measure time intervals between PPS 

outputs at RNT. 

• Link length ~2x300m, rtt ~2x 3 𝜇s.

• Time offset ~200 ps

• We measure time intervals between PPS 

outputs and frequency of clock outputs 

at Lab3.                                         

• Link length ~ 2x10 km, rtt~2x 100 𝜇s. 

Approx. 1 year

We observe excellent behaviors over long term.
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WR network: monitoring and supervision

• REFIMEVE supervision and computing center

• Data aggregation

• Host virtual machines for subcontractors

• Implement monitoring of wrs and zen-tp y 

periodic poling of the devices
Exemple of monitoring for wr switch at ISMO (Paris Saaly), for 1 day

TDEV for round-trip time over the regional network

Embedded monitoring resolution ~ 10 ps
Round-trip time < 1 ns / 40 days

We observe diurnal perturbations on mid-range links.

Approx. 1 month measurements
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Use case: remote measurement of Cs clock at Thales

N

PARIS AREA

Credit : O. Lelievre, R. Schmeissner,  
F. Frank

• Atomic clock : Oscilloquartz OSA 3235B

• Prior deployment: clock is measured in the lab versus H-

Maser, link is simulated on spools.

• Measurement session in real conditions at Vélizy
• GM > M0 : 1310/1490 pair

• M0 > M1: 1310 pair

• M1 > Zen : 1530 pair
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Use case: remote measurement of passive H-maser at LPNHE

Clock
(Rb, H-Maser)

GNSS receiver
(Polarx)

WR receiver
(switch)

Time Interval Counter (TIC)
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Comparison of time transfer using GNSS and a 3km-WR link (1310/1490nm) 

UTC(OP)

WR GM

WR M0 WR M1
in-field single mode fiber

L  ~ 3 km 
Paris area

PPS_wr

PPS_utc(op)

in-campus single mode fiber
L  ~ 300 m

PPS_wr(op)

• PPS_wr(OP) is continuously measured versus UTC(OP)

• WR M0 is sent back by WR to another WR device, 

continuously measured versus UTC(OP)

• wr(OP) is calibrated versus its source

• GM > M0 : 1310/1490 pair

• M0 > M1: 1310/1490 pair
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Use case: remote measurement of passive H-maser at LPNHE

Time delays GNSS vs WR with the clock in common view, 

after calibration procedures 

Credit : V. Voisin, L. Mellet, S. Russo, M. Guigue, B. Popov

R
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Use cases

• Remote measurements for molecular spectroscopy 

(Lab. Aimé Cotton, O. Dulieu,  Amit Nanda)

• IJCLAB

• Electronics developments (Idrogen)

• Gravitational wave detectors using squeezed light 

(Nicolas Leroy’s group)  

• Future :

• Quantum communications  ?

• Industry and defense 

The Exsqueez project and CALVA experiment

28/10/2021 Manuel Andia – French-Ukrainian workshop 2021 8/12
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Fig. 1. Experimental setup. The yellow loop represents the common optical fiber
spool used for the measurements. The common fiber is connected to a CWDM
that multiplexes and demultiplexes of quantum and classical channels at each end.
The bandwidth intended for the quantum use is further divided into narrow DWDM
channels. Another pair of CWDMs is placed before the classical transmitters to remove
out-of-band noise generated by the transmitter’s source. A pair of variable attenuators
are introduced in transmission channels between the CWDMs to control the input
power of classical signals launched into the common fiber. Noise measurements are
performed with an superconducting nanowire single-photon detector (SNSPD) in the
1547.72 nm DWDM channel on both Alice and Bob sides. Timing jitter is measured
between the 10 MHz rubidium clock driving the WR leader switch (grandmaster clock)
or the pulsed laser and the WR follower switch (boundary clock) or the fast InGaAs
detector correspondingly. See [26] for WR logo copyright information.

pulses [20–22]. In addition, a limited experimental demonstration of coexistence for entangled
states distribution has been reported in conference proceedings [23,24]. However, the coexistence
of classical and quantum channels was not studied in a systematic way.

In this work, we build and characterize the two-node time-synchronized quantum network
testbed (TSQNT) and test coexistence of quantum links with classical synchronization protocols
in a common (SMF28) single-mode optical fiber, here the only classical signals in the fiber are the
signals produced by WR synchronization protocol. We employ WR [25] and a pulsed-laser-based
synchronization protocols for this study. We use 1270 nm, 1310 nm, 1330 nm, and 1490 nm
classical bi-directional transceivers and a 1310 nm pulsed laser.

In our study, we o�er a heuristic model for background generation in long fiber links. We
make systematic background measurements in one of the dense wavelength division multiplexing
(DWDM) channels (1547.72 nm, 100 GHz bandwidth), then we estimate the background in the
range from 1500 nm to 1620 nm. Separately, we verify and characterize the synchronization
quality between the two distant nodes.

2. Experimental setup

The two-node TSQNT is shown in Fig. 1 and includes both quantum and classical components.
Quantum nodes, shown as Alice and Bob, utilized narrow (100 GHz) DWDM channels ranging
from 1500 nm to 1620 nm. Clock synchronization is implemented with (a) a pair of WR switches,
configured as a grandmaster (GM) and a boundary clock (BC), with commercial transceivers
using pair of wavelengths to transmit (Tx) and receive (Rx) data: 1310 nm and 1490 nm or 1270
nm and 1330 nm, and (b) a .100 ps pulsed laser at 1310 nm and 10 MHz repetition rate.

Because classical light sources may have a broad background that extends to the wavelength

Experiment at IJCLAB on squeezed light 
Credit : M. Andia

A. Burenkov et al., Opt. Express, vol. 31, no 7, p. 11431, mars 2023,  
doi: 10.1364/OE.480486.
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Outlook and future plans

• REFIMEVE will implement a national-wide WR network

• The regional WR network around Paris connects already about 6 laboratories 

• Exploitation is going on in various field of physics

• Monitoring shows interesting capabilities

• Next steps 

• Connection to Obs. Nançay (radio-telescope) planned.

• Deployments at larger scale in Europe

• Traceability and procedures, standardization

• R&D :

• Better hardware performance

• Link asymmetry and optimal network
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Fundings

LOFIC

ROME, LICORNE, TORTUE, (…)JRP: NEAT FT, OFTEN, WRiTE, TIFOON
ITOC, ROCIT (clock comparisons)
H2020: ICOF

CLONETS
CLONETS-DS

EU Research infrastructure

LIOM, REMIF, REFIMEVE+, T-REFIMEVE, FIRST-FT

INSU
GRAM

TOCUP, ONSEPA, (…) 
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Thank you for your attention


