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The agenda:

● status of the Einstein Telescope

● selected work on the instrument

● closing the gap : the post-O5 development



I. 
Brief presentation and status
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Goal of Einstein Telescope: to be 10 times more sensitive

compared to 2nd generation LIGO and Virgo
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Goal of Einstein Telescope: to be 10 times more sensitive

compared to 2nd generation LIGO and Virgo

Reduced light quantum noise

Lower coating thermal noise

Longer suspension

Underground facility

Longer arms
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The challenge of increasing the bandwidth

● conflicting requirement at low and high frequencies
► high optical power required at high frequencies to lower the 

shot noise
► but high power also degrades the low frequencies due to 

radiation pressure noise

● the sensitivity could be achieved with 2 interferometers: 
one dedicated to low frequency (ET-LF) and one to high 
frequency (ET-HF)
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The xylophone strategy

ET - LF
● cryogenic mirrors (T=10-20K)
● λ =1550 nm
● low power (20 kW)
● crystalline substrates
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The xylophone strategy

ET - HF
● room temperature
● λ = 1064 nm
● high power (3MW)
● fused silica substrates 
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1 detector = 2 interferometers

Michelson with 60°
arm cavities

The 2 interferometers will 
share the same tunnel

ET - HF
ET - LF
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Not one but 3 detectors

3 detectors arranged in triangle in 
the same infrastructure

Advantages: high duty
        cycle and polarisation  
       disentanglement
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The key parameters

https://apps.et-gw.eu/tds/ql/?c=15418

(sapphire ?)

https://apps.et-gw.eu/tds/ql/?c=15418
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Since last year on the ESFRI* roadmap!

* European Strategy Forum on Research Infrastructures 

Proposed time line:

Strong dynamic
 in Europe...

ET symposium in 
June (link)
Official start of the 
collaboration

First EU call 
successful this 
week

https://indico.ego-gw.it/event/411/
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Organisation 



II. 
The current instrumental work
(a selection with a French bias)
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The WPs inside the Instrumental Science Board (ISB)

Andreas FreiseISB-cochairGianluca GemmeISB-cochairAlessandro BertoliniDivision CochairFrancesco FidecaroDivision CochairRoberto PassaquietiWP CochairEdwige TournefierDivision CochairStuart ReidDivision CochairSuspensionsOliver GerberdingWP CochairPaola PuppoWP CochairJan-Simon HennigWP CochairFlavio TravassoWP CochairChrsitophe ColletteWP CochairAlberto GennaiWP CochairGiles HammondWP CochairFranco FrasconiWP CochairJoris van HeijningenWP CochairAlex AmatoWP CochairOpticsIain MartinWP CochairJessica SteinlechnerWP CochairBenoît SassolasWP CochairMargherita TurconiWP CochairBenno WillkeWP CochairKeiko KokeyamaWP CochairMichal WasWP CochairGiacomo CianiWP CochairHenning ValbruchWP CochairThomas BretzWP CochairMario MartinezWP CochairAlessio RocchiWP CochairMartin van BeuzekomWP CochairJérôme DegallaixDivision CochairStefan HildDivision CochairStefan DanilishinWP CochairInterferometerTeng ZhangWP CochairJulia CasanuevaWP CochairDaniel BrownWP CochairHartmut GroteWP CochairAnnalisa AlloccaWP CochairBas SwinkelsWP CochairLoïc RollandWP CochairThierry PradierWP CochairLaura NuttallWP CochairLucia TrozzoWP CochairNicolas ArnaudWP CochairSteffen GrohmannDivision CochairFulvio RicciDivision CochairAntonio PasqualettiWP CochairVacuum and CryogenicsNomeTitoloPaolo ChiggiatoWP CochairAniello GradoWP CochairRoberto CiminoWP CochairSteffen GrohmannWP CochairNomeTitoloChristian DayWP CochairPiero RapagnaniWP CochairSteffen GrohmannWP CochairJan HarmsDivision CochairConor Mow-LowryDivision CochairLuca NaticchioniWP CochairActive Noise MitigationFrancesca BadaraccoWP CochairMariusz SuchenekWP CochairRosario De RosaWP CochairFlavio NoceraWP CochairPaolo RuggiWP CochairSina KoehlenbeckWP CochairAndrea ChincariniWP CochairKate DooleyWP CochairConor Mow-LowryWP CochairRaul FuentesDivision CochairMaria MarsellaDivision CochairRaul FuentesWP CochairInfrastructuresRoberto ScarpaWP CochairFrank LohrbergWP CochairWissam WabhehWP CochairNomeTitoloFabrizio PiloWP CochairNomeTitoloGuillermo ReinWP CochairFabio RussoWP CochairNomeTitoloSuspension chainPayload designTest mass suspensionsSeismic isolation platformAuxiliary optics suspensionsCore optics LFCore optics HFLasersInput and output opticsSqueezed lightWave-front sensing and controlScattered lightObservatory design and noise budgetOptical layout, sensing and control scheme LFOptical layout, sensing and control scheme HFData acquisition and real time controlCalibrationNoise characterisationNewtonian NoiseEnvironmental SensorsMagnetic NoiseInter-platform motionLF control noiseTower VacuumPipe Arm VacuumCryostats and CryopumpsCryogenic InfrastructureDetector CoolingUnderground worksSurface infrastructureSafetyService plantsRegulatory frameworkET Instrument Science Board (ISB) Organigram (ET-0033A-21)Nick van RemortelWP Cochair
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We start from almost a blank page (a personal selection)

Cavern shape ?
excavation method ?

Option B

The challenge to reach 
low frequencies

120 km of vacuum pipe!
pipe design ? pumping 

strategy ?
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The laser

● 700W at 1064 nm, 5W at 1550 nm (2 um ?)
● specifications similar or better compared to ALIGO, Avirgo
● some challenges:

► for ET-HF: coherent sum of beam to reach the power
► for ET-LF: improve power stabilisation at low frequency

Fiber laser amplifier
for ET-HF
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Injection and detection sides

● similar design to current detectors
● for ET-HF, the power handling is the critical part
● special attention to reduce the loss to benefit fully from the 

squeezing

● calibration with Newtonian calibrator (geometry ?) and 
photon calibrator (1 or more beams ?)
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Crystalline substrates

● strong dynamic in Lyon to push for large sapphire substrates

Unique oven to melt
500 kg of alumina

Tests in progress

● Study absorption
vs growth parameters
on smaller samples 

Unique oven to melt
500 kg of alumina

Tests in progress

Best (and latest) results:
~ < 15 ppm/cm
    at 1064 nm

+ fiber production
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What about the coating ?

● research right now focusing on large coating for O5
● material candidate to replace Ti:Ta2O5  Ti:GeO2→
● further reduction in coating loss angle for post O5

● ET will benefit in all the coating development for 
LIGO/Virgo

● dedicated cryogenic coating ?
● crystalline coating ?



III. 
Bridging the gap between O5 and E.T.
(inspired from VIR-0391A-22)
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The stage
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The stage

2035  ET→
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Conclusion

● Great amount of R&D to prepare the post-O5 and the Einstein 
Telescope

● Numerous joint R&D with KAGRA

● Ilance is a unique opportunity to strengthen our collaboration


