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Yb/Sr – Pizzocaro, Nat. Phys.(2021)
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Sr/Sr – Yamaguchi, Appl. Phys. Expr. 4 (2011)

Yb/Yb+ – Leute UFFC (2016)

Cs/Sr/Yb+/Rb – Riedel, Metrologia (2020)

Sr/TAI – Hachisu Sci.Rep. (2014)

Cs/Cs – Fujieda, Metrologia (2014)

Sr/Sr – C. Lisdat. Nat. Comm. (2016)

Sr/Yb/Al+ – Beloy, Nature (2021)

Sr/Sr – Takano, Nat. Photon. (2016)

Fibers vs satellite atomic clock comparison

Sr/Yb/In+,Sr+,Yb+… – Lindvall, Optica (2025)C
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Fibers and the redefinition of the Second

OC accuracy budgets & frequency ratios

Validation of OC accuracy budgets & ratios

Continuity with Cs

Regular contribution to TAI

Sustainable techniques for comparisons

Access to realization of new definition

Fulfillment

50% 100%0%

N. Dimarcq et al., Metrologia 61, 012001 (2024)
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Comparing distant optical clocks

H-maserμW Clk Modulated carrier Modulated carrier H-maser μW Clk

O. Lopez et al Applied Physics B 98, 723 (2010)
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Comparing distant optical clocks

Strain Pressure Temperature

Important notes:

1. Optical phase has ambiguities (𝜆=1550 nm): we can transfer frequency, not 
time (i.e. phase variations, not absolute phase)

2. Bidirectional vs unidirectional fiber? Unidirectional not better than 10-16
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▪ Laser source: high coherence length (narrow linewidth)

Long optical links: validation
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▪ Bypass unidirectional equipment ( = use dedicated bidirectional optical amplifiers)

Laser IN Link OUT

Long optical links: validation
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Links for optical 
frequency metrology:

Links for 
telecommunications:



▪ Laser source: high coherence length (narrow linewidth)
▪ Bypass unidirectional equipment ( = use dedicated bidirectional optical amplifiers)
▪ Optical signal regeneration (Repeater Laser Stations)

Laser IN Link OUT

Long optical links: validation

Link OUT New Laser IN

Up to ∼ 700-1000 km

N. Chiodo et al.,Opt. Expr. 23, 33927 (2015)
F. Guillou-Camargo, Appl. Opt. 57, 7203 (2018)
T. Akatsuka et al. ,Opt. Exp. 20, 9186 (2020)



▪ Laser source: high coherence length (narrow linewidth)
▪ Bypass unidirectional equipment ( = use dedicated bidirectional optical amplifiers)
▪ Optical signal regeneration (Repeater Laser Stations)
▪ Duplicate for «out-of-loop» uncertainty measurement (end-to-end or loopback schemes)

Long optical links: validation

1 cycle lost in 1000 s → 1 mHz or 5∙10-18 bias



▪ Laser source: high coherence length (narrow linewidth)
▪ Bypass unidirectional equipment ( = use dedicated bidirectional optical amplifiers)
▪ Optical signal regeneration (Repeater Laser Stations)
▪ Duplicate for «out-of-loop» uncertainty measurement (end-to-end or loopback schemes)

Laser IN Link OUT

Link OUT Link OUTLaser IN New Laser IN

Out-of-loop measurement

Long optical links: validation

Link OUT New Laser IN



Typical performances

Short-term (cycle-slips-free):
 ADEV ∝ 1/𝜏

Long-term (gaps unavoidable):

 ADEV ∝ 1/√𝜏

C. Clivati et al., 
Phys. Rev. Applied 18, 054009 (2022)
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Comparing clocks using fibers

Clock Clock laser Link laser IN Link laser OUT H-maser

4/5 metrology institutes,
>11 optical clocks

[Lindvall, Optica 12 (2025)]

3 optical clocks
[Boulder Atomic Clock Network Nature 591, (2021)]



Building a protocol

data data data data

Clock Clock laser Link laser IN Link laser OUT H-maser

▪ Many different teams & type of data

▪ Universal formalism for combining data 
[Lodewyck, PR Research (2020), code: 
github.com/INRIM/optical-link-data-format]



data data data data

Building a protocol

Clock Clock laser Link laser IN Link laser OUT H-maser

▪ Many different teams & type of data

▪ Universal formalism for combining data 
[Lodewyck, PR Research (2020), code: 
github.com/INRIM/optical-link-data-format]

▪ Still room for uptime improvement
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Summary of 2022 campaign

Lindvall, Optica 12, 843 (2025)



OC accuracy budgets & frequency ratios

Validation of OC accuracy budgets & ratios

Continuity with Cs

Regular contribution to TAI

Sustainable techniques for comparisons

Access to realization of new definition

Fulfillment

50% 100%0%

Fibers and the redefinition of the Second (again)
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