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Long fiber links

Also in Japan, USA, China, Australia…. Dark or public fiber



  

Applications

● Frequency transfer (precision measurements)

● Time transfer

● Clock Comparison

● Gravitational Shift

● Sagnac effect

● Earthquake detection

● Even between parts of setup
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Stabilization Principle

PLL



  

Experimental Setup
● λ = 1.5 μm, 940 km, 2 fibers

● Attenuation 0.23 dB/km, total attenuation > 225 dB

● Delay 10 ms, bandwidth 50 Hz

● ULE cavity

● «Antiparallel» configuration → Cross-checks!

Thomas Waterholter, 
Alexander Kuhl,
Sebastian Koke,
Gesine Grosche
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Experimental Setup
● Locking to upcoming light:

– ULE drift compensation

– Reliability of the whole link

● (Locking to Comb which is locked to

Maser or Optical Clock)
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Gesine Grosche
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Experimental Setup: Options

● «Giant loop» configuration

940 km
ULE

ULE
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Experimental Setup



  

Experimental Setup

980 km
ULE

Termostabilized box

Inloop

Remote



  

Experimental Setup

Termostabilized box
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Stimulated Brillouin scattering
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ω-Ω

Amplification
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signal, ω

● Two waves: ω-Ω and ω+Ω

● Ω ~ 11 GHz

● About 4 mW
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scattered,
ω-Ω

scattered



  

Fiber Brillouin amplification

● Two waves: ω-Ω and ω+Ω

● Ω ~ 11 GHz

● About 4 mW

Amplification

Amplification

Frequency

pump, ω+Ω

pump

signal

signal, ω

ω ω+Ω



  

Fiber Brillouin Amplifiers

● Bandwidth ~20 MHz

● Frequency lock is required → difficult!

● Polarization matters → difficult!

● 2 amplifiers in labs + 4 along the link

● Remote control from PTB

Sketch from PTB team



  

Erbium Doped Fiber Amplifiers

● Bandwidth ~13 GHz

● Bidirectional

● 4 units in labs + 1 along each link (totally 2)

● Remote control from MPQ



  

Amplifiers



  

Filtering and
Amplication
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Validation criteria

Problem: cycle-slips!
[1] S.Droste, PhD Thesis
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Data from PTB team

For stabilized link



  

MPQ-PTB link

Δν ~ ± 10 Hz

Doppler Shift
Free-running link

[1] S.Droste, PhD Thesis



  

980 km MPQ-PTB and PTB-MPQ link

● White phase and f 1

● Allan Deviation:

stability

● Accuracy

1.22 x 10-19

MPQ remote at PTB
Stab on

MPQ inloop
Stab on

MPQ inloop
Stab off

Data from PTB team

Inloop

Remote

Remote

Inloop



  

Phase Noise Power Spectral Density
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Scaling
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Gravitational shift measurement

Height difference of ~500 m → ~10-14 → ~8 Hz

Measurement campaign

    10th of September - 20th of October 2018

940 km



  

Conclusion

● Optical fiber links

● New MPQ-PTB-MPQ link

is working!



  

Plans

● Analyse data from Campaign,

continue if necessary

● Optimizations and 

improvements 

● Sagnac effect

● Time transfer
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Thank you for your attention!



  

980 km MPQ-PTB and PTB-MPQ link

● Allan Deviation:

stability

● Accuracy

1.22 x 10-19

MPQ remote at PTB
Stab on

MPQ inloop
Stab on

MPQ inloop
Stab off

Data from PTB team

PTB remote at MPQ
Stab on
Dedrift on
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Remote

Remote
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Types of noises. Power spectral density

White                             Flicker                     Random walk



  

Measure. Allan Deviation
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Π- and Λ-counters. Relationships 
between different Allan deviations  

Report modes of our K+K counters:

● Phase

(or Frequency)

● Phase Average

(or Frequency Average)

● Π-counter

● Λ-counter

White frequency noise
(Random walk phase noise)

White phase noise

Flicker phase noise

Flicker frequency noise

Random walk frequency
noise



  

Inloop and Remote signals

Laser

nL/c



  

Inloop and Remote signals

Delay-unsuppressed noise
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Results

Even for 5 m fiber:

White phase noise

3/2

Phase Noise Power Spectral DensityModified Allan Deviation



  

5 Hz mechanical perturbations

Even for 5 m fiber:

Phase Noise Power Spectral DensityAllan Deviation



  

Experimental Setup

● Attenuation 0.23 dB/km

● Total attenuation > 420 dB

● ULE cavity

● Delay 18 ms

● Bandwidth 27 Hz

ULE

Inloop

Remote
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1840 km MPQ-PTB-MPQ link. Stability

expected flicker frequency noise floor

Remote

[1] S.Droste, PhD Thesis



  

1840 km MPQ-PTB-MPQ link. Accuracy

[1] S.Droste, PhD Thesis



  

Extended noise analysis



  

Stimulated Brillouin scattering
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● About 4 mW
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920 km MPQ-PTB
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Noise types

White                             Flicker                     Random walk



  

Map



  

Experimental Setup
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