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Optical Carrier Transfer: The basic idea
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Time/Frequency Dissemination: performances
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Satellite Dissemination

Satellites:

>4 h for commercial Cs

>20 g for Cs fountains

>100 g optical frequency standards

Link in Fibra:

Always better than a commercial Cs

100 s for  Cs fountains

1000 s for optical frequency standards

Atomic Frequency standards Comparison
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Seismology

Optical Fibre Links: a broadrangeof applications
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Optical Fiber Links: a worldwide snapshot

Ongoing projects

1 Fiber Link in use
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Standard telecommunication

optical fibre

ÅMade of glass (silica)

Å125 mm diameter (slightly thicker than 

human hair)

ÅVery low loss (0.2 dB/km) 

Architectures:

ÅDark Fibre (dedicated)

ÅCoarse Division Wavelength Multiplexing (CWDM):  spectrum divided into 

channels (16 nm each)
ÅDense Division Wavelength Multiplexing (DWDM): spectrum divided into 

channels (100 GHz each, but also 12.5 - 50 GHz)  ITU grid: ñchannel ITUxxò

In Europe, hystorically, we use ITU44 with a central wavelength at 1542.14 nm



ÅWith DWDM and CWDM: we can have metrological signals and 

data traffic at the same time.

ÅUse od Optical Add and Drop Multiplexer or Wavelength Divison

Multiplexer (OADM or DWM) to Add/Drop a specific wavelength 
(basically, they are bragg filters)
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and Temperature 
Controlled

Use Stabilised lasers, with coherence 
length > 2x link length

Williams et al.,JOSA B25,1284 (2008) 
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Link PSD, Example: LIFT Link 1284 km (642 kmx2)
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)(
3

4
)(

22

fS
c

Ln
ffS fiberremote ö

÷

õ
æ
ç

å
=
p

Ultimate Limit due 
to finite speedof light



Offset between delivered and original signal <5x10-19

D. Calonico et al., Applied Physics B , 117, 979 (2014).

Italy, LIFT Link 1284 km (642 kmx2) 

ADEV
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N. R. Newbury et al., Opt. Lett. 32, 3056 (2007)

Instability: Link LengthScalingLaw



OCS2018, Gressoney, September 12th, 2018



OCS2018, Gressoney, September 12th, 2018



OCS2018, Gressoney, September 12th, 2018



BidirectionalEDFA saturationin-field



Challenges: reliability
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¸ Small gain (15-20 dB) & filtering

¸ Automated amplifiers gain adjustment
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Monitoring and Control

Turin
Roundtrip

Signal

Fluctuationsof the AmplifiersGain usedto take the systemto delock
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Monitoring and Control /2
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New Monitor and telecontrolallowsfor continuousoperationsover weeks 
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Cycle Slips

Total 377 cycleslipsin 160 hours
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Advantages:
ÅLower attenuation

(no needof a round-trip)
ÅHigherSNR at detection

To be investigated:
ÅΨΩwŜŀƭΩΩ testbed: 

indepenedentdetectionand 
aquisitionsystems
ÅData exchangebetween

remote laboratories

TWO-WAY Optical Transfer

C. E. Calosso, et al. Opt. Lett.  40, 131-134 (2015)
C. E. Calosso, et al., Opt. Lett. 39, 1177-1180 (2014) 
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120 km Link in Japan

Hong, F.-L. et al. Opt. Lett. 34, 692ς694 (2009).
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50 km Link in China NIM-THU, Beijiin

Carrier Amplitude 
modulation up to 9.2 GHZ

Kun Liang, et al. Proc. 2015 Joint Conf. of the IEEE FCS & EFTF Forum, 12-16 Apr., 2015, Denver,USA, pp. 742-746, 2015
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32 km

U.S.A.: the NIST-JILA link

JeffertsS.R., et al., IEEE Trans. Instrum. Meas., 46, 209-211 (1997)
Foreman S.M., et al., Phys. Rev. Lett.,99, 153601 (2007)
P. A. Williams et al., J Opt. Soc. Am. B 25 , 1284(2008)
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920 km Link in Germany PTB-MPQ

K. Predehl et al; Science 336 (2012) 441-444
S. Droste et al.; PRL 111,110801 (2013)

1840 km loop link, MPQ-PTB-MPQ

sy< 4 ×10-19 @ 100 s 

Rel. uncertainty <3 ×10-19
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ADEV 3×10-14/(t/s) (full bw)

Results on 740 km
using  the Internet fiber network

(DWDM dark channel architecture)

Olivier Lopez et al.; Opt. Exp(2012) 20, p. 23518

France, Project REFIMEVE+ 
Fibré Métrologique à Vocation Européenne
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1500 km Link PTB, Braunschweig - LNE-SYRTE, Paris

Presenltyunderoperation
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~812 km

~210 dB loss

9 or 10 commercial bi-directional EDFA

Pair of fibres

812 km London-Paris link

Å Open Call Project ICOF - GEANT

http://www.geant.net/opencall/Network_Architecture_and_Optical_Projects/Pages/Home.aspx

courtesy J. Kronjaeger, NPL
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ÅQuantum Technologies 
ÅRadioastronomy
ÅUltracoldatomsPhysics
ÅSpace - Galileo
ÅFinance

7 ResearchInstitutes linked: 
CNR ςNational ResearchCouncil
ASI ςItalianSpace Agency
INAF ςItalianAstrophysicsInstitute

3 Industrial Users
ThalesAlenia Space Italy
Telespazio; 
ConsortiumTop-IX

Funding: INRIM, MIUR, Fondazione San Paolo, EU EMRP, EMPIR, H2020
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Italy: LIFT, 1800 km



European fibre links

P. Delvaet al., PhysRevLett, 118, 221102 (2017)
C. Lisdatet al., Nat Comm, 7, 12443 (2016)
E. Dierickxet al., IEEE Trans UFFC, 63,945-952 (2016)
D. Calonico et al., EPL 110, 40001 (2015)
Z. Jiang, et al. Metrologia, 52, 384-391(2015)
K. Predehl, Science 336, 441-444 (2012)
J. Grotti et al. , Nat. Phys(2018)
G. Marra et al., Science (2018)
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And QUANTUM TECH FLAGSHIP

And DG Connect

and WG ATFT of CCTF

European fibre links
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Å In Europe there isan intense researchactivityon fibre links

ÅThereisa varietyof techniques: CoherentFL, Electronic Stabilized
Links, PTP HichAccuracy(White Rabbit) Time Transfer, Optical 
Combsover fibre 

ÅSo far, Large projectsinvolvinglinks

(NMI coordination):

EMRP-NEAT-FT /EMPIR-OFTEN

H2020-CLONETS/ H2020-DEMETRA

European fibre links
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Strategy and innovation for clock services over optical-fibre networks
16 partners, Coordination: OP

H2020-INFRAINNOV

European Projects on fibre links
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