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D1.5 Measurement of phase noise of the link:  Bidirectional amplifiers were installed in 8 locations, both in 
the UK (London, Paddock Wood, Folkestone) and France (Gravelines, Lille, Bois Bernard, Albert, 
Beavais). A retroreflector was installed at the output of the amplifier in each location during installation 
and testing, so that a beat signal could be received at NPL after a round trip. This signal was used to 
characterize the phase noise of the link. These phase noise measurements (Figure 7) have shown that 
most of the environmentally-induced noise arises from the metropolitan areas, in particular the Central 
London area. The measured noise levels are consistent with what reported for other optical links in 
Europe and Japan. 

 

Figure 7: Phase noise accumulated over the round trip from NPL to four different locations along the link and 
back.  

D2.1 Performing clock comparisons: This deliverable is delayed. Several failures of previously tested 
equipment were experienced and several fibre routing and logistic problems had to be resolved, slowing 
down progress towards completion of the stabilized link. However, the link is currently 96% completed 
with only approximately 30 km currently remaining to be tested. We will complete the link 
characterization and clock comparison after the actual end of the project in March 15. Funding from NPL 
was secured in order to extend the existing fibre rental until August 2015. A purchase order has been 
already submitted. 

Measurement of the phase noise and frequency stability of the link OBSPARIS-LPL and 
uncertainty evaluation : A full opto-electronic set up has been set up in OBSPARIS to stabilize the link 
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OBSPARIS to LPL, and to monitor its frequency stability. The system has proven to be extremely robust, 
successfully stabilizing the link for 24 hours a day, 7 days a week almost uninterruptedly. The transfer 
stability of the SYRTE-LPL link is shown in Figure 8 and Figure 9. 

We demonstrate our ability to measure at LPL an optical frequency with a relative frequency stability of 
5E-16 at 1 second integration time (full bandwidth, about 70 kHz). For a frequency comparison 
performed by Lambda-counting in a 1 Hz bandwidth the stability is 6E-17 at 1 second integration time. 
The noise floor is 2E-20 at 4000 s integration time, and is due to the interferometer noise. The relative 
uncertainty of the transferred optical reference is conservatively set to 1E-19 (note that statistical 
uncertainty reaches 5E-20). These results greatly exceed the required stability for a successful 
comparison of the NPL-SYRTE clocks. 

.  

Figure 8: Relative frequency stability of the link 
SYRTE-LPL-SYRTE Plain symbol: PI-
counting data. Open symbols: Lambda-
counting data.  

 

 

Figure 9: Relative frequency stability of the 
cascaded link SYRTE-LPL + LPL-SYRTE 
with extraction at LPL. 
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D3.1 Impact:  Talks and posters about the project have been given at the European Time and Frequency 
Forum in Neuchatel and at the Photon 14 in London. One peer-review paper in the high-impact factor 
review Physical Review A : Phys. Rev. A 90, 061802(R). 

 

D4.1 Management:  The ICOF Project report for Annual GEANT Report was provided. 

D4.2  

Milestone/ 

deliverable 
code 

Milestone/ 

deliverable name 

Due 
Date 

Delivery 
Date 

Achieved 

Yes/No 

% 
compl
ete 

Comments 

D1 Establishing a stabilized 
fibre link between 
London and Paris 

10/13 03/15 partially 90 Link equipped with 
EDFA final testing 
delayed 

D2 Performing clock 
comparisons at the 
level of 10-16 or below 
between National 
Metrology Institutes. 

07/14 06/15 No 0 Link not yet fully 
operational 

D3 Impact 03/15 06/15 Yes 100 The project has been 
presented at several 
meetings with VLBI 
people, and on 
international 
conferences. One peer-
review paper has been 
published 

D4 Management 10/13 06/15 Yes 100  
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2.3 Observations 

ICOF will substantially impact the time and frequency metrology fields, geodesy and other areas of science, as 
well as change the way we conduct fundamental physics experiments. For example: 

o By increasing the capabilities of the National Measurement Institute by several orders of magnitude, 
previously impossible levels of stability and uncertainty can be reached when comparing frequencies 
between remote clocks. 

o The fundamental laws of physics – “are they really constants, or do they vary in space or time?” The 
high precision of atomic clocks, now reaching relative uncertainties at the level of 10-17 can help us to 
answer this question; by putting stringent limits on variations of fundamental constants.  

o European space missions such as GNSS Galileo, ESA Cosmic Vision program and ACES, rely on the 
availability of highly accurate and ultrastable frequencies or timing signals.  

o Many industrial and technological applications will benefit, for instance: defence and aerospace 
engineering, geodesy, high-resolution radio astronomy, navigation, communication systems (internet, 
mobile telecommunications, and electronic financial transactions). 

 

2.4 Recommendations 

As the fibre link between NPL and OBSPARIS is a unique opportunity to further enhance time & frequency 
metrology beyond the current state of the art in Europe it is highly desirable to continue this joint effort. The 
results of ICOF will keep the metrology institutes busy for many years to come. As mentioned above this project 
has outreach into different fields evolving from pure to applied science and from leading edge development to 
industrial products.  

This particular link should be used in future 

o To support the ACES mission of the European Space Agency. 

o To demonstrate relativistic geodesy with optical clocks leading to a new definition of the Geoid. 

o To unify high systems in Europe and to observe varying gravitational potential e.g. due to tides. 

o To support the redefinition of the SI-Second within the new SI. 
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3 Conclusions 

ICOF will substantially impact the time and frequency metrology fields, geodesy and other areas of science, as 
well as change the way we conduct fundamental physics experiments. For example: 

o Using optical fibre networks the frequency of distantly located optical clocks can be compared at an 
unprecedented level of stability and uncertainty. 

o The fundamental laws of physics - are they really constants, or do they vary in space or time? The high 
precision of atomic clocks, now reaching relative uncertainties at the level of 10-17 can help us to answer 
this question by putting stringent limits on variations of fundamental constants.  

o European space missions such as GNSS Galileo, ESA Cosmic Vision program and ACES, rely on the 
availability of highly accurate and ultrastable frequencies or timing signals.  

o Many industrial and technological applications will benefit, for instance: defence and aerospace 
engineering, geodesy, high-resolution radio astronomy, navigation, communication systems (internet, 
mobile telecommunications, and electronic financial transactions). 

This is a great example of how the GÉANT network can support novel research with potentially huge 
implications to the wider scientific and engineering landscape, and the results of ICOF are likely to keep the 
metrology institutes busy for many years to come. 
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Glossary 

GNSS Global Navigation Satellite System 
GALILEO Name of European GNSS 
ESA European Space Agency 
bi-EDFA bi-directional Erbium Doped Fibre Amplifier 
OADM Optical Add and Drop Module 
GSM  Global System for Mobile Communications 
FBA Fibre Brillouin Amplifier 
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