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3rd generation detector: 
Einstein Telescope
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Next generation gravitational wave detector

≥ 10km

depth: 
200m

-
300m

New infrastructure capable of hosting future upgrades 
for decades without limiting observing capabilities
To start observing in the late 2030’s
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To improve the sensitivity wrt 2nd generation

Goal: 
● A sensitivity at least 10 times 

better than the (nominal) 
advanced detectors on a large 
fraction of the (detection) 
frequency band

● A dramatic improvement in 
sensitivity in the low frequency 
(few Hz – 10Hz) range

● High reliability and improved 
observation capability

● Large science case both on 
astrophysics, fundamental 
physics and cosmology 
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Lots of R&D studies in Europe
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Organization of the Instrument Science 
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Optics

Squeezing
● Same target as Virgo_nEXT: 10dB
● For ET-HF @1064nm:

● Reduction of loss sources
● Study of in-vacuum squeezing source
● 1 filter cavity (1 km ?)

● For ET-LF @1550nm or 2µm:
● Development of squeezing source
● 2 filter cavities (1 km ?)
● Study of coupled filter cavities

Selected topics

Laser
● ET-HF => Input: 500-700 W @ 1064nm

needs coherent beam combination
● ET-LF => Input: 3-5 W @ 1550nm or 2µm

with low noise, different technologies 
explored like fiber laser

Scattered light
● Baffles study: number, position, size, etc.

ET-0247B-23

https://apps.et-gw.eu/tds/?content=3&r=18391
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Interferometer (1)

Sensitivity curves
● Update wrt 2011 Conceptual Design Report and 

2020 Design Report Update 
● Started for COBA
● More realistic technologies and noise sources

Selected topics

Optical design
● Work on central ET-HF parts
● Stable recycling cavities
● Symmetrical cavities for Power 

Recycling and Signal Recycling ?
● Common work with Virgo and 

Cosmic Explorer

ET-0007B-23

https://apps.et-gw.eu/tds/?content=3&r=18177
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Interferometer (2)

Mirrors
● ET-HF: 62cm diameter and 200 kg 

=> fused silica almost on the shelf
● ET-LF: 45cm diameter and ~200 kg

=> 2 options not on shelf:
● sapphire used in KAGRA
● silicon

Selected topics

Data acquisition
● Plan to move digital demodulation out of 

the air tank
● Synchronization using White Rabbit
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Beam pipes
● Agreement with CERN to design the 

vacuum pipes (TDR + prototype)
● 4 vacuum tubes of 1m diameter per 

tunnel
● ~50 years lifespan expected
● Virgo as a baseline: 3 designs under 

consideration
● Undergoing discussions with industry

Vacuum and Cryogenics (1) Selected topics

Towers
● Design of ET-HF towers 

adapted from the Virgo 
towers

● Modal analysis 
undergoing

● Optimization of the 
weight and resonance 
frequency

● Design of ET-LF towers 
still need to be discussed 
depending on 
suspension chain and 
cryostat design
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Vacuum and Cryogenics (2) Selected topics

ET-LF Payload
● Design for heat extraction with low 

suspension thermal noise
● Allow for large mirrors

Thermal Shield 50-80K
Thermal Shield 5K
Cryostat 2K
Heat Link Vibrations’ 
Isolation Systems
Magnetic Damping

Cryostat
● Active cooling of the 2 external thermal 

shields
● Superfluid Helium-II cooling of inner shield

ET-0272A-22

https://apps.et-gw.eu/tds/?content=3&r=18053
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Conclusion

● ET-HF can be build on the experience acquired on LIGO/Virgo detectors and on-going R&D
● Some experience of KAGRA is useful for ET-LF but there are still many studies needed
● Lots of R&D in Europe and well organized collaboration work
● The path is long 

towards the 
first observation
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Thank you
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ET Sensitivity
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Suspensions

Goal:
● reduce seismic and vibration noise in the detection band;
● reduce the broadband RMS motion of the suspension systems
● provide slow large-scale position and angle control of each 

suspended optical element.

Design starting from Virgo Super Attenuators
● ET-LF would require 17m height (instead of 8m)
● Undergoing studies to reduce this height to 10m

(with some active control)

Monolithic suspension
● ET-HF => fused silica well known
● ET-LF => silicon or sapphire under study

Cryogenic payload => see Vacuum and Cryogenic

Selected topics
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