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Abstract 

A technique for stabilizing reference frequencies transmitted over flber optic cable 
in a frequency distribution system is discussed. The distribution system utilizes fiber 
optic cable as the transmission medium to dietribute precise reference signals from a 
frequency standard to remote users. The stability goal of the distribution system is 
to transmit a 100 MH5 signal over a 22 km fiber optic cable and maintain a stability 
of 1 part in 1017 for 1000 eeconds averaging times. Active stabilization of the link is 
required to reduce phase variations produced by environmental effects, and is achieved 
by transmitting the reference signal from the frequency standard to the remote unit 
and then reflecting back to the reference unit over the same optical flber. By comparing 
the phaee of the transmitted and reflected signals at  the reference unit, phase variations 
on the remote signal can be measured. An error voltage derived from the phase 
difference between the two signals is used to add correction phase. An improved 
version of a previous electronic stabilizer has been built and results of its performance 
are reported. 

Introduction 
With the current advances in the development of precise frequency standards, greater emphasis is 
being placed on frequency distribution systems that can distribute the reference signal derived from 
a standard without appreciably degrading it. The high cost of developing and maintaining a state- 
of-the-art frequency standard makes it beneficial to have one precise standard at a complex and to 
distribute the reference signal from this standard to various users within the complex. Often the 
reference signal must be distributed tens of kilometers. Furthermore, future scientific experiments 
may also gain from having coherent signals at several remote locations. 

The Deep Space Network, supported by JPLINASA, is a prime contender for such a distribution 
syste'rn. The DSN consists of three complexes located at Goldstone, California, Madrid, Spain and 
Canberra, Australia. At each complex there are at least four stations, each supported by a parabolic 
dish antenna with an ultra- sensitive receiving system requiring a precise frequency reference. Cur- 
rently each complex is supported by a primary hydrogen maser and a backup hydrogen maser. Projects 
supported by the DSN that require this type of distribution system include unmanned space flight 

"Thia work repreaenta the reaulta of one phase of research carried out at the Jet Propulaion Laboratory, California 
Institute of Technology, under contract sponsored by the National Aeronautics and Space Administration 

Microwave distribution systems have also been used in the complex at Goldstone, California. Mi- 
crowave distribution systems have shortcomings in that they are highly susceptible to interference and 
require large input powers and repeaters to go several kilometers. Because of the limited bandwidth 
of microwave systems, the 100 MHz signal cannot be transmitted over microwave links directly. 

Fiber optic cable is the best distribution medium for transmitting precise reference frequencies. 
The loss in typical fiber optic cable is less than 0.5 dB/Km at the optical wavelength of 1300 nm. A 
typical laser transmitter puts out 0 dBm and is attenuated less than 11 dB over 22 Km. Standard 
single mode fiber optic cable has a TCD of 7 ppm/"C making it less susceptible to temperature 
changes than coaxial cable. The fiber optic cable used at the Goldstone complex is buried 1.5 m 
under the ground, making the fiber quite insensitive to diurnal temperature changes. Fiber optic 
cable has the additional advantages that the fiber is insensitive to electromagnetic interference (EMI) 
and radio frequency (RFI) and can be made less sensitive to microphonics using an optical isolator 
between the laser transmitter and the fiber optic cable. An additional advantage of fiber optic cable 
as the transmission medium is that the superior performance of the optical components make it quite 
practical to transmit the signal simultaneously in both directions in the same fiber. This proves to be 
a key factor in actively stabilizing the distribution system. 

Active Stabilization Of A Fiber Optic Frequency Distribution Sys- 
tem 
Passive stabilization of fiber optic transmission links, such as burial of the cable, is not sufficient for 
maintaining stabilities in the range required for many applications. When stabilities higher than a 
part in 1015 are required the link must be actively stabilized. 

The phase conjugator is the key element of the actively controlled fiber optic distribution system. 
The frequency distribution system consists of a reference unit, containing the frequency standard, and 
a remote unit, where the frequency standard is to be transmitted. The method for actively controlling 
the phase variations in the fiber is based on maintaining a constant phase relation between the input 
phase and the phase of the received signal. 

A signal passing through the fiber optic cable in both directions experiences identical delay in the 
two directions. The midpoint of the signal is at the far end of the cable and experiences exactly half 
of the round trip delay. If the phases of the transmitted and received signals at the reference end of 
the cable are conjugate, the phase at the remote end is independent of phase delays in the medium 
(see Figure 1). An electronic device that detects the phases of the transmitted and received signals 
at the input to the fiber and adds enough phase to maintain conjugation is called a phase conjugator 
(see Figure 2). 

The reference unit consists of the frequency standard, the phase conjugator, a fiber optic transmit- 
ter, a fiber optic receiver, an optical coupler and a phase-lock loop (PLL) (see Figure 3). The remote 
unit consists of a 50150 mirror, a fiber optic receiver and a PLL. 

The phase conjugator compares the phase of the transmitted and received signals in the reference 
unit and an error voltage derived from the phased difference is used to control a voltage-controlled 
oscillator (VCO) (see Figure 4). The particular design of this phase conjugator requires a 100 MHz 
reference signal and a 20 MHz auxiliary signal. A previous design used a single 100 MHz reference 
signal, but required two precisely matched phase detectors and tightly controlled signal levels. By 
using the 20 MHz auxiliary signal, a single phase detector can be used to measure phase error. 

The 100 MHz signal and the 20 MHz signals are multiplied together in mixer M1 to produce 80 
MHz and 120 MHz signals. A power splitter (Sl) separates the signal out of the mixer (MI) into two 
signal paths. Band pass filters in each signal path separate the 80 MHz and 120 MHz signals. The 80 
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A clock network for geodesy and fundamental
science
C. Lisdat1, G. Grosche1, N. Quintin2, C. Shi3, S.M.F. Raupach1, C. Grebing1, D. Nicolodi3, F. Stefani2,3,

A. Al-Masoudi1, S. Dörscher1, S. Häfner1, J.-L. Robyr3, N. Chiodo2, S. Bilicki3, E. Bookjans3, A. Koczwara1, S. Koke1,

A. Kuhl1, F. Wiotte2, F. Meynadier3, E. Camisard4, M. Abgrall3, M. Lours3, T. Legero1, H. Schnatz1, U. Sterr1,

H. Denker5, C. Chardonnet2, Y. Le Coq3, G. Santarelli6, A. Amy-Klein2, R. Le Targat3, J. Lodewyck3, O. Lopez2

& P.-E. Pottie3

Leveraging the unrivalled performance of optical clocks as key tools for geo-science, for

astronomy and for fundamental physics beyond the standard model requires comparing the

frequency of distant optical clocks faithfully. Here, we report on the comparison and

agreement of two strontium optical clocks at an uncertainty of 5! 10" 17 via a newly

established phase-coherent frequency link connecting Paris and Braunschweig using 1,415 km

of telecom fibre. The remote comparison is limited only by the instability and uncertainty of

the strontium lattice clocks themselves, with negligible contributions from the optical fre-

quency transfer. A fractional precision of 3! 10" 17 is reached after only 1,000 s averaging

time, which is already 10 times better and more than four orders of magnitude faster than any

previous long-distance clock comparison. The capability of performing high resolution

international clock comparisons paves the way for a redefinition of the unit of time and an

all-optical dissemination of the SI-second.
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Abstract

Recent technological advances in optical atomic clocks are opening new perspectives for the direct deter-
mination of geopotential differences between any two points at a centimeter-level accuracy in geoid height.
However, so far detailed quantitative estimates of the possible improvement in geoid determination when adding
such clock measurements to existing data are lacking. We present a first step in that direction with the aim
and hope of triggering further work and efforts in this emerging field of chronometric geodesy and geophysics.
We specifically focus on evaluating the contribution of this new kind of direct measurements in determining
the geopotential at high spatial resolution (⇡ 10 km). We studied two test areas, both located in France and
corresponding to a middle (Massif Central) and high (Alps) mountainous terrain. These regions are interesting
because the gravitational field strength varies greatly from place to place at high spatial resolution due to the
complex topography. Our method consists in first generating a synthetic high-resolution geopotential map, then
drawing synthetic measurement data (gravimetry and clock data) from it, and finally reconstructing the geopo-
tential map from that data using least squares collocation. The quality of the reconstructed map is then assessed
by comparing it to the original one used to generate the data. We show that adding only a few clock data points
(less than 1 % of the gravimetry data) reduces the bias significantly and improves the standard deviation by a
factor 3. The effect of the data coverage and data quality on the results is investigated, and the trade-off between
the measurement noise level and the number of data points is discussed.

Keywords. Chronometric geodesy; High spatial resolution; Geopotential; Gravity field; Atomic clock; Least-
squares collocation (LSC); Stationary covariance function

1 Introduction
Chronometry is the science of the measurement of time. As the time flow of clocks depends on the surround-
ing gravity field through the relativistic gravitational redshift predicted by Einstein (Landau and Lifshitz, 1975),
chronometric geodesy considers the use of clocks to directly determine Earth’s gravitational potential differences.
Instead of using state-of-the-art Earth’s gravitational field models to predict frequency shifts between distant
clocks (Pavlis and Weiss (2003), ITOC project1), the principle is to reverse the problem and ask ourselves whether
the comparison of frequency shifts between distant clocks can improve our knowledge of Earth’s gravity and
geoid (Bjerhammar, 1985; Mai, 2013; Petit et al, 2014; Shen et al, 2016; Kopeikin et al, 2016). For example, two
clocks with an accuracy of 10�18 in terms of relative frequency shift would detect a 1-cm geoid height variation
between them, corresponding to a geopotential variation DW of about 0.1 m2 s�2(for more details, see e.g. Delva
and Lodewyck, 2013; Mai, 2013; Petit et al, 2014).

Until recently, the performances of optical clocks had not been sufficient to make applications in practice
for the determination of Earth’s gravity potential. However, ongoing quick developments of optical clocks are
opening these possibilities. In 2010, Chou et al (2010) demonstrated the ability of the new generation of atomic

⇤Guillaume.Lion@obspm.fr
1http://projects.npl.co.uk/
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(a) Without clock data.

(b) With clock data.

Figure 9: Accuracy of the disturbing potential T reconstruction on a regular 10-km step grid in
Massif Central, obtained by comparing the reference model and the reconstructed one. In Figure (a),
the estimation is realized from the 4374 gravimetric data dg only, and in Figure (b) by adding 33
potential data T to the gravity data.

(a) Without clock data.

(b) With clock data.

Figure 10: Accuracy of the disturbing potential T reconstruction on a regular 10-km step grid in
Massif Central, obtained by comparing the reference model and the reconstructed one. In Figure (a),
the estimation is realized from the 4959 gravimetric data dg only, and in Figure (b) by adding 32
potential data T to the gravity data.

10

Scientific cases

KM3Net

SKA CTA VLBI
Astronomy

Particle detectors

Super-K

see also :

T. E. Mehlstäubler et al., Atomic clocks for geodesy. Rep. 
Progress in Physics 81, 064401 (2018).


C. RFOF Experiments on Reference Transfer Over the
310-km Link

As explained above, to minimize atmospheric phase-fluctuation
effects, the 310-km loop-back link via Mopra (Fig. 3; red in
Fig. 2) was used for several RFOF-referenced radio-astronomy
tests. One such experiment used two adjacent ATCA antennas
(77 m apart—solid black arrows in Fig. 3). The phase stability
provided by the 310-km link was then found to be indistinguish-
able from that when both antennas were referenced directly to a
single local hydrogen maser.

Another key experiment, with results as in Fig. 6, used one
of the ATCA radio antennas (dashed black arrows in Fig. 3) in
a “split-antenna” configuration intended to eliminate the effect
of atmospheric perturbations. In these experiments, the local
hydrogen maser and its frequency chain provided a reference
to one of ATCA’s two independent signal-processing paths,
while the second path on the same antenna used a correspond-
ing reference —either local or remote (via the 310-km
fiber link).

Figure 6 shows the split-antenna results, with only period (b)
using 310-km RFOF. For each path in panels (b) and (c) (red and
black curves), varying atmospheric conditions yield RF-phase
fluctuations that exceed those in panel (a). Nevertheless, the dif-
ferential signal (black line, middle panel) has no discernible differ-
ence between direct and loop-back hydrogen-maser reference
signals (apart from constant arbitrary phase offsets which depend
on instrumental factors, as explained in the context of Fig. 5).
These minor residual differential phase variations cannot be
due to atmospheric perturbations as both channels share the same
radio antenna and hence the same viewing conditions. However,
the phase variations do appear to be correlated with temperature
variations (magenta, bottom panel) of inlet cooling air at floor

level in the ATCA instrument room where the hydrogen maser
and its associated frequency-synthesizer chain are housed.

The maximum magnitude of noise fluctuations in the phase
differences (middle panels of Fig. 6) is ∼20° peak-to-peak. This
is consistent with corresponding peak-to-peak noise levels of
∼0.05° observed at f ! 20 MHz in Fig. 4(b), allowing for
the 420× frequency increase (to f ! 8.4 GHz) in the case
of Fig. 6.

The differential phase variations observed in Fig. 6 are evident
in all three periods, including periods (a) and (c), where any pu-
tative phase contributions from the 310-km RFOF transfer are
absent. In all cases (a)–(c), therefore, their most likely cause is
attributed to residual phase fluctuations in the RFM reference
supplied by ATCA’s frequency chain. These differential phase
variations (<10° peak-to-peak, with a dominant period of
∼15 min ) observed in the split-antenna experiments are consis-
tent with the increased instability seen at τ ≈ 200 s in the Allan
deviation plots (i) and (ii) of Fig. 4(a). Observed differential phase
variations are much smaller than typical atmospheric impacts on
VLBI astronomical observations.

D. Source of Residual Phase Fluctuations

The small persistent residual phase variations noted above had not
occurred in previous laboratory- and field-based experiments;
they are consistent with the observed increase in the Allan
deviation plots (i) and (ii) at τ ≈ 200 s in Fig. 4(a). Various mea-
sures to isolate the RFOF transfer instrument, undertaken both at
ATCA and in our Sydney laboratory, indicated that it was highly
stable mechanically, thermally, and electronically. A series of lab-
oratory-based tests were conducted with results as illustrated in
Fig. 7. These tests explored whether the observed residual phase
fluctuations in the VLBI signals (Fig. 5) and in the RFOF experi-
ments (Figs. 4 and 6) were caused by instability in the reference
RFM itself as generated by ATCA’s hydrogen-maser frequency
chain. To record Fig. 7, a signal generator was used to simulate
phase variations in the (identical) RFM and RFS reference signals,
with a phase-modulation amplitude of ∼400° applied with a
half-period of 50 ms (i.e., at a triangle-wave rate of "8°∕ms ).

Fig. 6. Phase stability for the split-antenna RFOF experiment. The
top panel shows the RF phase variation at f ≈ 8.4 GHz for the two
split-antenna signal-processing paths (red and black) for three successive
time periods. Periods (a) and (c): both paths have a local hydrogen-maser
reference. Period (b): the red channel uses the reference sent via the
310-km optical-fiber link. The middle panels show the phase difference
(on a ∼10 × finer scale relative to the top panels) between the two split-
antenna paths—with the fixed phase offset between the two period
(b) signals removed. The bottom panels show floor-level temperature var-
iations in the ATCA instrument room where the hydrogen maser and
associated electronics are housed.

Fig. 7. Impact on RFOF transfer of phase fluctuations in the input RF
reference. Responses of the RFOF phase detector to (a) triangle, (b) sine,
and (c) square waveforms’ phase fluctuations in RFM and identical RFS
using 50 km of spooled fiber. Phase fluctuations in three different forms
were simulated by using a signal generator.
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Y He et al., Optica, 5, 138–146 (2018).


see also :

C. Clivati et al., IEEE Trans. on UFFC 62, 1907–1912 (2015).


White Rabbit ‘ecosystem’
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and, thanks to a routing table, deliver it to the proper destination. Although these
features are included in some TSN devices and high performance switches [90, 91],
they are very expensive. Consequently, our solution is implemented using flexible
FPGA devices that provides a cost-effective alternative.

4.2 Cherenkov Telescope Array

CTA [9] is an international project whose main goal is to explore the universe in
the gamma rays energy region (20 GeV - 300 TeV). It will be an order of magnitude
more sensitive than current Imaging Atmospheric Cherenkov Technique (IACT) ap-
plications [92] that operate at the same energy segment. CTA is divided into two
telescopes array (Fig. 4.2) regions: Paranal (Chile) and La Palma (Spain). These loca-
tions have been evaluated using Monte Carlo simulations [93] to check the impact of
different factors such as altitude, night-sky background and local geomagnetic field.
Each telescope array is composed of several telescopes which are classified in three
types depending on the energy range that are able to measure: Large Size Telescope
(LST), Medium Size Telescope (MST) and SST.

FIGURE 4.2: CTA Telescope. This picture has been extracted from [9].

CTA uses the IACT to measure cosmic rays by capturing the few nanoseconds
long Cherenkov light flashes. They are emitted in air showers when the gamma
rays reach the Earth’s atmosphere. The direction of the Cherenkov light cone, when
recorded with multiple telescopes, allows for the detection of the origin of the pri-
mary gamma ray in the sky. On the other hand, the light intensity is a measure
of the primary gamma-ray energy. IACT telescopes are equipped with large tes-
sellated mirrors that concentrate the Cherenkov light onto the camera with several
photo sensors. They are read out by fast electronics which provide nanosecond sam-
pling. This time precision allows to distinguish gamma rays from charged cosmic
rays that hit the atmosphere much more numerously, and therefore contribute most
to the background measured by IACT telescopes. Cosmic-ray air showers are on av-
erage broader, less symmetric, and have more irregular timing footprints. Moreover,
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Seismic detection

• Detec5on	os	seisms	with	fiber	links	
• Acous5c	noise	seen	in	propaga5on	
delay	fluctua5on	and	residuals	aXer	
compensa5on		

• Detec5on	in	a	fiber	network	not	yet	
done	

• Determina5on	of	propaga5on	veloci5es	
• Localisa5on	?	Early	warning	?	
• Op5mal	parameters	:	
• Fiber	length	
• Sampling	rate	
• …	

• Work	under	progresses	at	SYRTE	and	
LPL…

see seminal work at INRIM and NPL: G.Marra et al. Science eaat4458 (2018) doi:10.1126/science.aat4458.

PhD M. Tonnes (defense in 2022)
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Technical solutions (non exhaustive)
optical carrier  // Data RF+time

RF+time+data time+data

Courtesy E. Laier-English (NPL)
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We again clearly observe the correlation between the phase fluctuations of the
Slave ZEN and the temperature fluctuations. We observe a periodic modulation in
the phase data due to the temperature fluctuations acting on the optical length of the
fiber spools (as described in the Section 4.2.4). The free running phase fluctuations
are compressed approximately by a factor of 20. This is four times the compression
factor for the 100 km link.

The time deviation plot is presented in Fig. 4.33 as the red trace. The time transfer
stability for the 500 km cascaded link is 5 ps at one second of integration time and
reaches a minimum of 1.2 ps at 20 seconds of integration time. The time stability
degrades for long averaging times due to the fiber thermal noise but still remains
below the ns level.

We compare our lab experiment with two infield applications using the active
telecommunication networks. The first one is a 950 km WR link by the Finnish
metrology laboratory VTT between Espoo and Kajani in Finland [40], where the time
stability has been scaled down to 500 km for easy comparison. The second one is a
540 km link by V. Smotlacha and co-workers for time transfer between metrology
laboratories of Prague and Vienna (CESNET to BEV link) [88].

FIGURE 4.33: Time stability (calculated from phase data) for the cas-
caded 500 km White Rabbit link and comparison with infield appli-

cations.

For the CESNET to BEV link, the short term stability is limited by the link with
significant contribution from the time interval counters (⇡ 53 ps) and the actual link
contribution would be approximately equal to 8.6 ps. The

p
t behavior after 200 sec-

onds of integration time is due to the clocks. For the VTT experiment data, the clock
difference between UTC(MIKE) and HP 5071A (Cs clock) was removed, and the data
represents the difference between the WR PPS and GPS-PPP. The published data be-
gins at 200 seconds of integration time and the short term noise of the fiber is not

34 Chapter 2. Introduction to White Rabbit Precision Time Protocol (WR-PTP)

device providing 18 ports supporting both the Small form factor pluggable (SFP)
optical transceivers connectors and copper connections, as displayed in Fig. 2.10.
Each of the ports can be configured as a Slave, which receives time and frequency
reference from the upper layer of the network or as a Master, which propagates the
timing to the other switches or nodes in the underlying layer of the network. The
WRS has two reference input connectors for 10 MHz and one pulse per second (PPS)
signals from a Cesium atomic clock or a GPS Receiver and two output connectors
for a Clock out and a PPS output.

FIGURE 2.10: A White Rabbit Switch (WRS) [58].

The WRS can be configured in one of the three modes:

• Grandmaster mode: In this mode, the WRS locks its internal local oscillator to
the external 10 MHz and PPS reference signals. The Grandmaster WRS is the
System timing Master of the White Rabbit network.

• Boundary clock (BC) mode: In the BC mode, the WRS serves as a Slave syn-
chronized to the system timing master/Master of the White Rabbit network.

• Free running master mode: In this mode, the WRS utilizes its internal local
oscillator as the reference clock.

We acquired four White Rabbit switches manufactured by Seven Solutions, two
switches are from the hardware version 3.3 and other two are with the new hardware
version 3.4. The 3.3 version WRS provides an output clock at 62.5 MHz whereas the
new 3.4 version provides two clock outputs at 62.5 MHz and 10 MHz.

2.7.2 The White Rabbit Nodes

There are two types of WR nodes as follows:

1. White Rabbit Simple PCI express Carrier (SPEC) board hosts the White Rab-
bit PTP core (WRPC) responsible for the synchronization task and can hold

10-16

10-19

10-13

10-16

10-12

10-1410-11 s

10-10 s

P. Krehlik et al.  IEEE Trans. on Instr. and 
Meas. (2012).

10-11 s

10-12 s

10-10 s

10-9 s

1Gb/s

1-10Gb/s

(WR)
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by 125 km each time, and we attain a stability of 2 ⇥ 10�12 at one second of inte-
gration time for the 500 km link. For each span, the stability degrades by a factor
a little smaller than

p
2. The stability scales down as t�1 in the beginning due to

the white phase noise and then starts to degrade due to a bump at 20000 seconds
of integration time. This bump arises due to the fiber thermal noise as described in
the Section 4.2.4. The degradation in the frequency stability is due to the common
temperature excitation of all the cascaded stages. At 200000 seconds of integration
time, the frequency stability for the 125 km attains a value of 8 ⇥ 10�16 and lies in
the low region of 1 ⇥ 10�15 for the consecutive stages. This fiber thermal noise is
expected to be greatly reduced by a factor of five for the implementation on active
telecommunication networks where the fiber is buried underground and thus expe-
riences mild temperature fluctuations.

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.

We also compare the frequency stability performance of the cascaded 500 km
link with that of a good quality Oscilloquartz GPS receiver 5201. We observe similar
short term stability of 2 ⇥ 10�12 at one second of integration time, but at long inte-
gration time of 1000 seconds our cascaded link exhibits better performance by two
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.

phD N. Kaur https://hal.archives-ouvertes.fr/tel-01909292

https://hal.archives-ouvertes.fr/tel-01909292
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+FOTON, IRCICA, IEMN, SHOM, IJCLAB, LPNHE IRAM, ESRF, SOLEIL (CERN)
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UK
DE

IT

REFIMEVE: REFIMEVE+ and T-REFIMEVE

~6000 km of fibers

Listed as National Research Infrastructure in 2021 ~35 partners 
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sCollaboration with RENATER
Signal in parallel of data traffic
•Sustainability

•Dedicated Fiber ≈ 200€ / km
•Fiber sharing :    ≈	cost	/	10
•Supervision embedded in a Network Operation Center

+FOTON, IRCICA, IEMN, SHOM, IJCLAB, LPNHE IRAM, ESRF, SOLEIL (CERN)
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REFIMEVE+ : Performances over 1 month

no shift within statistical uncertainty
combined uncertainty < 1x10-19

f0 = 200 THz

0 279 14.5 18

MJD - 57905

scale : ± 1 Hz/f0

SYRTE

End-to-End
Measure

Ultrastable signal

Comparison470	km270	km

2x205 dB attenuation 
Parallel data traffic 
16 EDFA  

32 OADM 
5 Repeater laser stations 
~ 1400 km

Link summary
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REFIMEVE+ : uptime

Modified Julian Day

Upgrade of an 

optical amplifier

SuperStation 

operational

Operation of a link / 19 months  

New pair of fibers in 
Paris

link Paris-Strasbourg-Paris E.Cantin et al. New J. Phys. 23, 053027 (2021).
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REFIMEVE+ : industrial partnership
Industrial grade fiber links

F. Camargo et al., 57 (25) ,2018, doi.org/10.1364/AO.57.007203

Uptime ~99.5 % / 1 month

2x80 dB attenuation 
Parallel data traffic 
10 EDFA  
20 OADM 
3 Repeater laser stations 
~ 680 km

Link summary

http://doi.org/10.1364/AO.57.007203
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CLONETS : towards EU-Research Infrastructures

SYRTE-LKB
@780nm

Over internet network

With Regeneration

Frequency Brillouin
Amplifier

FBA Regeneration

Two-Way

Towards a large research 
infrastructure ?

RENATER, CESNET, 
PSNC, GARR

JISC/JANET, DFN, 
SURFNET, 

NORDUNET…

At horizon 2020 :
8000 km

https://www.clonets.eu/
https://clonets-ds.eu/

https://www.clonets.eu/
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• Work	with	Network	for	Educa5on	and	Research	Industry	to	
make	the	technology	available	

• Ways	to	access	the	network	
• Compa5bility	with	TelCo

Surveys and reviews

Current work

CLONETS : a paper study
16 partners from 3 areas

• 2	surveys,	1	market	study	:	research	infrastructures,	industry,	
society…	

• Technology	reviews		
• T/F	service	parallel	to	data	traffic	
• Guide	for	best	prac5ce	
• Emerging	technologies

• Overall	vision	
• Strategic	roadmaps		
• Technology	roadmaps

https://www.clonets.eu/
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Proposal in APOGEIA
• A1:	Noise	compensa5on	<->	Noise	understanding	
• Link	to	WP	Fiber	(DAS):	How	DAS	and	T/F	can	help	

each	other	
• Specific	case	of	undersea	fibers:	Mediterranean	

see,	Atlan5c	ocean	
• A2:	Synchronisa5on	and	syntonisa5on	to	

observatory	for	mul5-messenger	astronomy	
• A3:	Array	of	quantum	networks	(clocks,	absolute	

gravimeters):	spa5al	and	temporal	varia5on	of	
gravity	
• Proof	of	principle	at	SYRTE:	Common	reference	for	

two	distant	AQG	
• Implementa5on	at	Laboratoire	Souterrain	de	

Madone	(AQG,	+clocks	+..	?)	
• Benefit	of	Mobile	Plakorm	(REFIMEVE),	

transportable	clocks,	transportable	absolute	
gravimeter.	

• Link	to	WP	underground,	Gravi	and	Clocks
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Outlook

Fiber links : a new technology for T/F transfer 

Beyond GNSS solutions : 1e-15@1s to 1e-19@1day

Complement GNSS solutions

REFIMEVE+ : fully optical metrological network 

Optical reference signal disseminated in France 

Partnership with RENATER (NREN) and industrial consortium

Deployment is still under way

Towards EU research infrastructure building a clock service
https://www.clonets-ds.eu/

https://www.refimeve.fr

https://www.refimeve.fr
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