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Motivations« Réseau Fibré Métrologique 
à Vocation Européenne »

REFIMEVE+
Optical fiber links have brought the potential to transfer frequency with very high accuracy and stability thanks to an active
compensation of the phase noise due to fluctuations of the optical length. An ultra accurate and stable frequency reference can
be transferred over long distances using the very high frequency (~200 THz) of the optical carrier. The high sensitivity detection of
the optical phase using heterodyne technics in conjunction with ultra stable lasers are the basic tools to achieve low noise optical

Ultrastable on-line extraction

the optical phase using heterodyne technics in conjunction with ultra stable lasers, are the basic tools to achieve low noise optical
frequency transfer. In last five years several experiments in the USA, Europe and Japan have explored the limits of this method
[1-5]. A key-question is the capability to extend ultra-stable frequency standard distribution to a larger scale and possibly to any
users. In the last three years we have demonstrated an easily scalable technique since it is using commercial telecommunication
fiber networks and is compatible with data traffic [6-7]. Switching from dedicated to a public fiber network is a major breakthrough
for a possible generalization of the concept of optical fiber link frequency distribution. The outcome of such a technique leads to a
wide distribution of a frequency reference on a national or continental scale. Two applications are presented below :

•Multipoint dissemination to several labs in the same metropolitan area [8]
•Stability transfer to mid-IR for ultra-high resolution molecular spectroscopy

Experimental scheme Frequency measurement results

•French REFIMEVE+ project funded
•distribution of the best frequency references 
available at SYRTE to about 20 French labs

•DWDM (dense wavelength multiplexing) on the 
Internet backbone

Experimental scheme Frequency measurement results
EXTRACTION REMOTELOCAL

AOM 3
-

PD 2

AOM 1
+

÷ 2   
      

Ultrastable
Signal

Correction 1 :
φC1 = - φA - φB - φR

Correction 2 :
φC2 = + φB + φR

Phase
Noise
φA

PD

Round Trip Signal :
2π(2f1 + 2fR)t 

+ 2φA + 2φB + 2φR + 2φC1

Optical Phase 
Corrector

2πf1t + φC1
2πν0t AOM 2

+

2πfRt + φR

Phase
Noise
φB

2π(ν0 + f1 + 2fR)t + φN

Ultrastable
Laser

2π(2fR)t
+ 2φB + 2φR2πfR + φC2 2π(ν0 + f1 + fR)t

Extracted Phase Noise :
φN = φC1 + φA + 2φB + 2φR = φB + φR

10-18

10-17

10-16

10-15

10-14

10-13

rla
pp

in
g 

A
lla

n 
D

ev
ia

tio
n 
σ y(τ

)

 End-to-End Free Link 50 km
 End-to-End Compensated Link 50 km
 Extraction 25 km with Free Link 50 km

30
 k

m

Internet backbone
• Simultaneous transmission of the Internet data 
traffic and the ultrastable metrological signal on 
the same fiber but with different wavelengths

• Collaboration with French National Research and 
Education Network RENATER The aim of this work is to address the

issue of multipoint frequency
dissemination. A point-to-point network
needs a lot of fibers and is not the
optimum solution. We developed an
on-line extraction station as first
proposed by G. Grosche [8]. First tests
on fiber spools demonstrated that the
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Improvement of the extraction

OutlookAccuracy and stability transfer in the mid-IR

≈ 

The frequency reference signal transferred through the optical link is exploited to measure/control the frequency of a mid-
IR laser, using a femtosecond laser as a tranfer oscillator. This opens the way to ultra-high-resolution spectroscopy and 
tests of fundamental physics with molecules (for instance the non conservation of parity [9] or the stability of me/mp [10])

• Signal distribution to  several labs in Paris area
• Network development in Paris area and in France
• Optical link extension towards Germany and at the 
European scale

noise compensation was working
properly at the extraction end. Set-up
will be improved to correct the thermal
effects observed on sections of non-
compensated fibers.
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Experimental scheme

Mid-IR frequency 
measurement or control

European scale

• Improvment of the extraction set-up
• temperature stabilization
• minimization of the non-reciprocal fiber paths
• insertion of a compensated short link 
• insertion of a local laser locked to the extracted signal

• Demonstration of extraction on installed fiber network

• Extension of the mid-IR frequency stabilization to 
Quantum Cascade Lasers, using the frequency reference 
transferred through the optical link
• Application to high-resolution molecular spectroscopy, 
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Mid-IR frequency stabilisation onto νrefFrequency measurement results
νCO2/OsO4

(P(16)) = 28 412 648 819 588 ± 24 Hz (agrees with bibliography)

specifically a test of parity non conservation
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