LIFT: an optical fiber infrastructure for time & frequency dissemination in Italy

'Istituto Nazionale di Ricerca Metrologica, Torino, Italy ; ? Politecnico di Torino, Torino, Italy;

A J stituto di Radioastronomia, INAF, Bologna, Italy; 4Consiglio Nazionale delle Ricerche, IMM Institute, Bologna, Italy;

ISTITUTO NAZIONALE

FOR ASTROPHYSICS

=L e L i, 1 5 . . . . . 6 . . .
ko wetuTe W d ' Osservatorio Astronomico di Cagliari, Italy; “Scuola Superiore S. Anna, Istituto TeCIP, Pisa, Italy;

7Dipartimento di Fisica e Astronomia

¢ LENS, Universita di Firenze, e INFN, Firenze, Italy; *Universita di Bologna, Bologna, Italy ;

email: d.calonico@inrim.it

ISTITUTO C. Clivati*, R. Ambrosini’, G. Bolognini*, C. Bortolotti’, P. Bolli’, D. Calonico', G. A. Costanzo’, S. Faralli®, F. Gaudimonte’, A. Godone', F. Levi', A. Mura',
?Aﬁ@%ﬁm N. Poli”> M. Prevedelli®, M. Roma’, F. Sorrentino’, G. M. Tino’, M. E. Zucco'

Consiglio
' Nazionale delle
Ricerche

THE LIFT PROJECT

THE PARTNERS

LIFT (Italian Link for Frequency and Time) 1s the future optical fiber network for Time and Frequency dissemination in Italy. LIFT 1s promoted by

the Italian Institute of Metrology (INRIM), the Italian Institute of Nuclear Physics (INFN), the University of Firenze (UNIFI) and
of Astrophysics (INAF) and is funded by the Italian Ministry of Education and Research (MIUR).

A first Torino-Firenze span 1s under realization by INRIM, UNIFI and

TORINO-INRIM ]

The Italian National Metrology Institute realizes the SI second 1n
Italy and disseminates it to the user community. INRIM clocks

. . Cs Fountams
the Italian Institute |

Politecnico di Torino (PRIN project, funded by MIUR) and it is expected / AIMS:

\ ensemble 1s composed by two Cs fountains, 5 commercial Cs beam

to be operative by the end of 2013, when a coherent fiber link for optical > Absolute frequency calibration for high resolution spectroscopy %1\%0{11{;’[ ;Igrlla\gsse;’;i?soal;rﬁbacgbci irlla(:izzsald szzgﬁgngoﬁ;]roeccl);:ilzal
frequency transfer will enable remote frequency comparisons between > Remote comparisons of atomic clocks frequencies to the prir.nary clocks and ultrastable laser sources at
the atomic clocks located at INRIM and at UNIFI laboratories. > Remote clocks 1n replacement of local H-Masers 1542 nm for the optical link:
By 2015, this backbone will be upgraded to the LIFT project providing > Timebase distribution and synchronization at 100 ps level will allow Time svnchroni.zation at 100 os level
dissemination to Milano and Bologna. \_> Create a distributed network for T&F services on national scale / will enable optical and RF frequencies comparisons at 10-*
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> Both Time and Frequency distribution on the same infrastructure The fiber path, with amplifiers
-~ Strong 1nteraction between Research Centres and Industrial partners

> Different accuracy and stability grades for multiple partners needs
\” Multiple user distribution %
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The European Laboratory for NonLinear
Spectroscopy (LENS) is involved in high resolution
spectroscopy and in developing a **Sr optical clock:
-needs optical frequency dissemination at the 10-"*
level to carry on absolute characterization of the Sr clock
with respect to the SI second.

Yb optical bench

INRIM is partner of the consortium for the NEAT-FT project, and the | B as . [ MILANO-CNR ]
LIFT project will be developed in tight relation with NEAT-FT. G L o o3 | SN ks sy PR ° ' ‘ ‘ . i
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forthcoming European Network through the cross-borders: h i TORINO-INRIM | " g SR N \ Adats . Very Long Baseline Interferometry (VLBI) and a 20'000 m . ’
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-Italy-Switzerland (feasible end 2013) via Milano, possibly in towards France: R TR T R Sl - e A BOLOGA INAF sollleiling aoe foi .Pu.1 sIF IOl : .
collaboration with Géant project LSM- Modane S E. = 20 ¢ ;I/lIeJeBdIS bac?(l}rba/teft llommg ror VLBL nowalsonreal time
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-Italy-Flfance (feasible end 2013). via Frejus tunnel. Laboratoire 4 o8 s 19 dB( _needs Frequency dissemination at 10”5 level for Pulsar The Italian Institute of Optics is involved in high

\S\outerrame de Modane (LSM) will be one of the nodes. / R 19 dB monitoring_on long and very long time scales. resolution molecular spectroscopy
o . o } & -offers T&F cross checks by direct comparisons with Pulsar -needs high grade optical frequency dissemination
{c2C tium § AN wm and Quasar, now defining the best possible inertial frame of
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T&F DISSEMINATION,
REMOTE COMPARISONS
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IMPLEMENTATION

TESTS &CHECKS THE ARCHITECTURE

Ultrastable radiation at 1542 nm 1s generated at INRIM and measured against a primary standard through an optical fiber comb;
then, it 1s sent to the end user via optical fiber. Here it can be converted to another optical or RF frequency through an optical
fiber comb. For users interested in the time distribution, at INRIM a PPS signal will be encoded with pseudo-random modulation
in the optical carrier, and will be decoded by the end user with a modem.

To obtain a stable transfer, the optical path has to be stabilized. This 1s accomplished by reflecting part of the radiation from the
end user back to INRIM, where it is compared with the source light. This allows to detect the fiber noise and to cancel it through
a Phase-Locking Loop, using an Acousto-Optic Modulator as actuator. Regarding Time dissemination, the delay variations will
be read by the modem, and corrected down to 100 ps level.

The link will be realized with a dedicated dark fiber supplied by GARR, the Italian National Research and University Network.
A couple of fibers, hired by INRIM, 1s used to setup two independent links (redundancy&check purpose). Overall length Torino-
Firenze 1s 650 km, estimated attenuation 1s 194 dB (0.3 dB/km). At least 10 bidirectional optical amplification stations will be
implemented (Erbium Doped fiber amplifiers-EDFAs) and signal regeneration at LENS 1s being considered.
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RAMAN AMPLIFICATION

The optical link has two fibers at disposal. The first fiber will be equipped with EDFAs, whereas for the
second Raman Optical Amplification will be used. This powerful tecnhique i1s a valid alternative to
EDFA systems: it uses the fiber itself as a gain medium for amplification in both directions, ensuring
full reciprocity, high gain (> 25 dB per pass) and_robustness, thanks to a wide gain bandwidth.
Amplifier placement can be properly designed to obtain very long spans (> 200 km), reducing the
number of amplification stages, the costs and increasing the reliability of the infrastructure.

Raman Amplifiers have been tested at INRIM and allowed coherent transfer of the optical carrier on

60 dB optical losses in a single span, obtained with 200 km of fiber spools and an additional 16 dB
attenuator, _equivalent to more than 250 km of fiber. Obtained stability 1s on the right graph.
In our experiment, the gain was limited by the maximum power available with our pump, and the gain
of 32 dB that we obtained with a double-pump scheme 1s in principle achievable with a 1 W single
counter-propagating pump.

[see C. Clivati et al., arXiv:1211.3910]
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E > 200 km
C=optical couplers; FM=Faraday Mirrors; WDM=pump couplers.
Photodiode PD1 detects the fiber noise. A Phase Locked Loop (PLL) crrects it using AOMI1 as actuator. AOM?2 is used as frequency shifter.
Transferred radiation is measured on PD2.

Co-P: co-propagating Raman pump (260 mW diode laser providing 9 dB gain)
Ct-P: counter-propagating Raman pump (800 mW fiber laser providing 23 dB gain)
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RESULTS & OUTLOOKS

We tested our fiber noise compensation system on 200 km of fiber spools inside our
laboratory and on a 47 km fiber loop located in the urban area around Torino. The urban
network 1s implemented on a Dense Wavelength Division Multiplexing architecture and
the ITU channel 44 was dedicated to the link experiment to evaluate fiber noise.

On the basis of this measurement we could exstimate the expected stability of the
Torino-Firenze link. The graph reports the stability of the 200 km compensated link 1n
the laboratory (obtained using Raman Optical Amplification) and the extimation of the
650 km link stability, based on the phase noise measured on the installed 47 km fiber and
on the well-proved assumption that stability scales as L**, where L is the link lenght.
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