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Universite . _
Built with 2 large investment programs ETIISg:Em':g "'@V@EQ‘T@ | PSL»%
T-REFIMEVE ~10 M€ (2021-2029) M RENATER @ S

Acknowledged as
national research infrastructure by 202 |
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Key conce PtS RErsiIE FaeAe ET DE L'INNOVATION

® Mutualisation

® Time and frequency reference systems
® Fiber networks (national, regional,...) for education and research
® T/F as a service
® To date : ~30 academic research laboratories. +20 physically connected as of 03/2024
® 6 research infrastructures: SOLEIL, ESRF, IRAM, LOFAR, LSM, + CERN

® |[ndustrial partnership & societal impact
® Open access (FAIR)
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a vocation européenne

Refimeve network map (2024) efimeve:

® Optical carrier at ~200 THz (NIR) | REFIMEVE

e Fully bidirectional
e 3 international connections """"""""""""""""""""""""" N
PTB, NPL, INRIM > IQB |
New: CERN connected March 2023

New: Belgium-France cross-connection planned

51°N

® Clocks (microwave and optical) at INRIM, PTB,
NPL, and SYRTE are connected with fiber

network

® REFIMEVE connects +20 labs by 03/2024,

among which FEMTO-ST, UTINAM, |JCLAB,
LAC, LPNHE

46°N

‘You are here

o

ESRE SOLEIL IRAM to be connected < 06/2025 T\ h
e oF 6°F 11°F
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T-Refimeve: 8-years project to extend the network iV

® Extension to Brest | REFIMEVE

® +|4 new users
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® RF (1GHz) and time signal on the optical carrier (bi | -~ /
» N4 </ , | 51°N

directional, highest performance)

® WR: 10 MHz and time signal, additional channel,
mono-directional
¢ Mobile platform:. N T
® A test facility for the REFIMEVE users and
exploration of chronometric geodesy
® Extraction of the REFIMEVE signal

® Transportable shelter with ultra-stable cavity,

46°N

comb, and room to host a transportable clock

or a transportable quantum sensor km
O 250
4°W 1°F 6°F 11°E
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Why White Rabbit when you have optical carrier ? "‘eﬂmeve

® Complement the optical carrier service with RF 109, 53 125 on Siave 1
. ) | ¢ 250 km Slave 2
and time services ol ¢4 375kmSlave3 |
: : . ¢ 500 kmSlave4 |]
. | ? S ¢—¢ GPS Oscilloquartz |
® For REFIMEVE: |44 orscuartock |
. . L c 10-12 ‘ | | :
® RF and time dissemination 2
©
® for measurements at nodes © 10-13
D |
® For measurements at user’s end I | .
| Z1014) -
® Allows cross-comparisons and self-assessment | -
® For industrial applications : 10350 R o e e
® |E-13 accuracy in 10 s instead of -2 days 10_16i - | | o
100 101+ 102 103 104 105 106

Integration time (s)

N. Kaur doi: 10.1109/TUFFC.2021.3134163.(2022)
N. Kaur, phdthesis https://hal.archives-ouvertes.fr/tel-01909292
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WVR network: plans and challenges Refimeve:

e DWDM:
® No dedicated optical amplifiers : no CAPEX, no OPEX

® No allocation of a single-one wavelength

Optical

® |ntegration as an alien wavelength for RENATER
® | Gb/s. Transport at|0/100 Gb/s ? 2
® Challenges :

SMF

16 ps/km/nm NZD

2.5 ps/kim{nm

—_—

® Mitigate link asymmetry

® Mitigate chromatic dispersion for link > 1000 km

Fiber Length / km
o

® |nterface with critical infrastructures: . e e \
1 10 100

® Decision processes Data rate / Gbaud

From Werner Weiershausen, Malte Schneiders,
Optically Amplified WDM Networks, Chap. Transport
Solutions for Optically Amplified Networks, p. 297-339
(2011)

® R&D :High performance WR node and capability at 10 Gb/s : see httpsi//doi.org/10.1016/B978-0-12-374965-3.10011-1

Daniel Charlet’s talk this morning

® |ive monitoring, network security,...

® Traceability
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WR network: regional area by Paris "’eﬂmeve

@— Sorbonne Paris Nord Set-up l PPS + 10 MHz |
o

( Zen TP e Grand Master

l |0OMHz @

Paris Obs. campus

( Zen TP e Master

Sorbonne University l
(Jussieu)

Paris

( Master )

Paris-Saclay Obs. Paris

® Grand Master seeded with UTC(OP)

® |n campus: closure measurements on PPS and |10 MHz

Pa.;i-s--éaclay campus

® At [hales : measurement versus atomic clock

® At LPNHE: measurement versus passive H-Maser ® 131071490 when link < 5 km

® At LPL: measurement versus fiber links (optical + RF) + GNSS * 1510,1550, 1560 nm, ... (DWDM)

. o M >
® Elsewhere : only self monitoring when link > 10 km
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WVR network: traceability to the source feﬂmeve

® VWe measure time intervals between PPS Closure measurements : Time interval ZEN -GM
700 -
outputs at RNT. — GM
o Link length ~2x300m, rtt ~2x 3 01— ZzenTe
ink lengt x300m, rtt ~2x 3 us. g 500
® Time offset ~200 ps :_vé 400 www
. . > _
® VWe measure time intervals between PPS E) 300
S 200+
outputs and frequency of clock outputs "
& 1001
at Lab3. = )
® Link length ~ 2x10 km, rtt~2x 100 us. _100.
O © O O © © O O
227 @ @ Y (@ f° © o

D L

Approx. | year

Ve observe excellent behaviors over long term.
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VVR network: monitoring and supervision efimeve:

® REFIMEVE supervision and computing center

® Data aggregation

® Host virtual machines for subcontractors

® |mplement monitoring of wrs and zen-tp y

periodic poling of the devices

Exemple of monitoring for wr switch at ISMO (Paris Saaly), for | day

+3.918e7

TDEV (s)

500 A

- att
400 -
300 -

150 -
100 -
SO 4 - d’nS

14150 -
14100 -
14050 4 — SEtP

e—>+1.1o30bl1

10 4 = asym_pcent
0.5 -

0.0 0.2 0.4 0.6
mid0

0.8 10 12

TDEV for round-trip time over the regional network

| —— 2x 0.3 km (L3)

| —4— 2x 4.0 km (ISMO)
2x 27.6 km (LPL)

| —— 2x50.1 km (Orsay)

Approx. | month measurements

1010,

10‘11; \\ ~

102 100 107

Integration time T (s)

Embedded monitoring resolution ~ 10 ps
Round-trip time < | ns / 40 days

We observe diurnal perturbations on mid-range links.

WR / xDWM for REFIMEVE - WR workshop -
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Use case: remote measurement of Cs clock at Thales fefmeve:

L == 1/sqrt(7)
| s~ -=-=- Link expectation (1 /1)
1011 S —#— Cs clock OSA 32358
—$— Link expectation
10—12
E 10-13
0O
<{
@)
10—14
10-15 Clock relative frequency shift=5.1x10"*3
Clock drift=-2.20x1071° Hz/s \\
Credit : O. Lelievre, R. Schmeissner, 10_16' s
10° 101 102 103 104 10°

Integration time T (s)

* Atomic clock : Oscilloquartz OSA 3235B

* Prior deployment: clock is measured in the lab versus H-

Maser, link is simulated on spools. |
® GM>MO0:1310/1490 pair

= i\ » Measurement session in real conditions at Velizy ® MO > MI: I310 pair
( " ® MI > Zen : 1530 pair

WR / xDWM for REFIMEVE - WR workshop - CERN, Geneve, March 21, 2024




Use case: remote measurement of passive H-maser at LPNHE

Comparison of time transfer using GNSS and a 3km-WR link (1310/1490nm)

* eﬂm eve+

eeeeeeeeeeeeeeeeeeeeee
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e GM > MO : 1310/1490 pair -
o MO > MI: 1310/1490 pair Clock

[ UTC(OP) )

PPS _utc(op) .

(Rb, H-Maser)

J

PPS_wr(op)
[ WR GM ) { GNSS receiver J { WR receiver

(Polarx)

single mode fiber

(switch) J

L~300 m

PPS_gnss REF

PPS wr l

[ WR MO W WR MI ]_> [ Time Interval Counter (TIC) ]

in-field single mode fiber
L~3 km ¢
Paris area
f
(7]
2 (&
[ Calib. | |° A
ali t o
® (a1 (a1
(a1 (a1

® PPS wr(OP) is continuously measured versus UTC(OP) GNSS, | — T % I

® WR MO is sent back by WR to another VR device, __WR) J (

continuously measured versus UTC(OP)

® wr(OP) is calibrated versus its source
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Difference in ns between WR and GNSS

Use case: remote measurement of passive H-maser at LPNHE

Time delays GNSS vs WR with the clock in common view,

after calibration procedures
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Credit : V. Voisin, L. Mellet, S. Russo, M. Guigue, B. Popov
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Use cases

® Remote measurements for molecular spectroscopy
(Lab.Aime Cotton, O. Dulieu, Amit Nanda)

e ||CLAB
® Electronics developments (ldrogen)

® Gravitational wave detectors using squeezed light

(Nicolas Leroy’s group)
® Future:
® Quantum communications !

® |ndustry and defense

A||Ce 7 Quantum Quantum BOb
B channel channel
1550 1550

), \

Common 5%
), \». Tx/Rx F|ber Tx/Rx | en
* Rx X
‘ '\ ’ Detector

| Sync Sync .

« 25 GHz
Tx . channels Tx . channels e __
Attenuator Attenuator

Time Tagger .......................................
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Experiment at IJCLAB on squeezed light

Credit : M. Andia

Squeezer system [REL ™ &1 I \
Suspended

\aﬁf
under vacuum n@’%’/ q‘

filter cavity
(L = 50m)

Optical
bench

A. Burenkov et al., Opt. Express, vol. 31, no 7, p. 11431, mars 2023,
doi: 10.1364/0E.480486.
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Outlook and future plans +eﬂmeve

e REFIMEVE will implement a national-wide WR network
® The regional WR network around Paris connects already about 6 laboratories
® Exploitation is going on in various field of physics
® Monitoring shows interesting capabilities
® Next steps
® Connection to Obs. Nangay (radio-telescope) planned.
® Deployments at larger scale in Europe
® T[raceability and procedures, standardization
e R&D :
® Better hardware performance

® Link asymmetry and optimal network

WR / xDWM for REFIMEVE - WR workshop - CERN, Geneve, March 21, 2024



Fundings efimeve:
7 FIRST Y ¢
LIOM, REMIF REFIMEVE+, T-REFIMEVE, FIRST-FT LOFIC
o
EURAMET NSU
GRAM ROME, LICORNE, TORTUE, (....)

JRP: NEAT FT, OFTEN,WRITE, TIFOON
ITOC, ROCIT (clock comparisons)
H2020: ICOF

EU Research infrastructure

*x X %

CLONETS

CLONETS-DS TOCUP, ONSEPA, (...)
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efimeve+

Réseau fibré métrologique
a vocation euro péenne

Thank you for your attention
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