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Einstein Telescope Design Study

• Funded by European Commission as project Einstein 
Telescope (ET) design study

• Second generation will hit an infrastructure limit
• The aim of the ET design study is to deliver its 

conceptual design, with particular focus on the 
infrastructure requirements and specifications 

• Gathered together scientists from France, Germany, 
Italy, UK

• Assume that
• Thermal noise of the test mass suspension can be reduced by 

a factor of 10, or dissipation losses by a factor 100
• Gravity gradients remain under control
• Frequency dependent squeezing can be achieved



Resonant bars
and first 
generation
Second 
generation
Third generation:
• From 10 to 1 Hz
• 10 x lower

thermal noise
• 10x times lower

quantum (shot) 
noise

• Observatory: 
low if not zero 
dead time

Evolution of Earth bound detectors
From bars to ET



Targets of the Design Study
• Evaluate the science reaches of ET
• Define the sensitivity and performance requirements

• Site requirements
• Infrastructures requirements
• Fundamental and (main) technical noise requirements
• Multiplicity requirements

• Draft the observatory specs
• Site candidates
• Main infrastructures characteristics
• Geometries

• Size, L-Shaped or triangular
• Topologies

• Michelson, Sagnac, …
• Technologies

• Evaluate the (rough) cost of the infrastructure and of the 
observatory
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WP1: Site identification

The definition of the site requirements 
consists mainly in the definition of  the 
seismic and GGN noise requirements
This has been iterated with the studies for the 
ET sensitivity definition and with 
measurements at the sites. Hence, although 
the deliverable has been respected (criteria 
delivered) the activity has been continued 
interlaced with the site measurement and 
sensitivity studies



WP1: Site search-Detector requirements 
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• Each site has been characterized by a spectral variation plot

• The whole collection of measurements is publically available on the ET website: 
http://www.et-gw.eu/et-site-selection

• “Appealing” opportunities have been identified

http://www.et-gw.eu/et-site-selection


WP2: Suspension requirements 

MTR-Brussels 14/12/2010 8

Attenuation strategy studied
Solution based on the Virgo 
experience
Analytical model of the suspension 
developed

•Effects of the filter number, 
mass and length studied



WP3: Xylophone design

MTR-Brussels 14/12/2010 9

The Xylophone design 
“simplify” the solution 

but make more complex 
the design



Will host several interferometers:
Progressive evolution and redundancy
Today’s choice: three LF and three HF interferometers
LF: cryogenic
HF: high power

Infrastructure



Noise curves

• LF and HF interferometers, specialized in different frequency bands

• Slope at high frequency: 5 10-25 (1 kHz / f) Hz-1/2 ℎ𝑛𝑛 = 𝜆𝜆𝑓𝑓𝐺𝐺𝐺𝐺
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• Quantum noise level flat: 2 10-25 Hz-1/2 ℎ𝑛𝑛 = 𝜆𝜆
4ℱ𝐿𝐿

ℎ𝑐𝑐
𝜆𝜆

1
𝜂𝜂𝑅𝑅𝐶𝐶𝑃𝑃𝑖𝑖𝑖𝑖

• Thermal noise: 10-25 (1 kHz / f) -1/2 Hz-1/2  room temperature



Interferometer parameters

• Outline main choices



More emphasis to high 
frequency?
• We have learnt that for CCSNe have also characteristic

signatures around 100 Hz
• Lowest noise is to be found in that band
• Lower noise at medium-high frequency requires better

measurement noise
• Until now the working solution is to use squeezed

vacuum states
• Limitation comes from losses on the squeezed vacuum

path
• Additional interest above 1 kHz from NSNS coalescence



Additional interest from NSNS 
events
• Read et al PRD 88 

(2013) 044042
• Features up to 7 

kHz



Conclusions from a detector point
of view: rekindling of HF
• Until now emphasis was on low frequency: higher

signals from higher masses
• From a different perspective more remote sources
• High frequency probes the structure of the source
• Good high frequency performance is now a must 

for the third generation, together with 100% live 
time

• Opportunity for second generation detectors 
before third generation becomes operational
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