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What is ET?
 The aim of the ET project is the realization of a 3G GW 

observatory in Europe
 The ET project is officially born in 2008, thanks to the 

support received from the European Commission for 
the conceptual design study of a GW future research 
infrastructure
 ET conception occurred in 2005, at the ESF Exploratory 

Workshop  in Perugia

 Fundamental milestone has been the delivering of the 
ET conceptual design study document in 2011



ET design key points



Precision Astrophysics

Cosmology

3G motivation
 Evolution of the GW detectors (Virgo example):
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How to gain a factor of 10?

MGR13- ET 5

10-25

10-16

h(
f) 

[1
/s

qr
t(H

z)
]

Frequency [Hz]1 Hz 10 kHz

Seismic



Limits of the current infrastructures
 Debated point

 How far are the limits?
 Length is obviously a limit
 Environmental conditions 

are a limit (through wind, 
seismic noise, Newtonian 
noise, …)

 Infrastructure original 
design could be a limit
 AdV relevant 

infrastructure works to 
mitigate stray light effects

 MSRC vs NDRC 
dilemma in AdV

M. Punturo (VIR-0073B-12)
M.Beker (GWADW 2012



Underground
 Reduction of the environmental/seismic/Newtonian 

noise sources:
 Good location
 Underground site

Peterson's 
background noise 
model



Underground
 Reduction of the environmental/seismic/Newtonian 

noise sources:
 Good location
 Underground site

-seism in a very noisy day



Underground
 Reduction of the environmental/seismic/Newtonian 

noise sources:
 Good location
 Underground site

D. Rabeling (Talk)



Underground
 Reduction of the environmental/seismic/Newtonian 

noise sources:
 Good location
 Underground site



Underground

 -200 m seems a 
possible compromise 
between 
performances and 
costs

 Reduction of the environmental/seismic/Newtonian 
noise sources:
 Good location
 Underground site
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Underground

 -200 m seems a 
possible compromise 
between 
performances and 
costs

 Reduction of the environmental/seismic/Newtonian 
noise sources:
 Good location
 Underground site

 NN subtraction progresses could modify this scenario 
(see next talk, by M.Beker and J.Harms)

J. Van den Brand,
4th ET symposium 





What inside the new R.I.?
 Thermal noise and quantum noise are the main limit 

above few Hz. 
 Key ingredients to reduces these noises:

 Cryogenics
 High Power & Frequency dependent squeezing, 

possibly new topologies



Cryogenic design
 Current working hypothesis:

 Silicon optics (sapphire as backup?)
 Good thermal noise performances
 Optical absorption issues

 News in this workshop

A. Khalaidovksi (poster)
G. Hoffman  (talk)
M. Granata (Talk)
R. Nawrodt (Talk)
J. Komma (Talk)



Cryogenic design
 Current working hypothesis:

 Silicon optics (sapphire as backup?)
 Good thermal noise performances
 Optical absorption issues

 News in this workshop

 Silicon suspension
 Good idea, but huge engineering difficulties
 interesting evolution, for Sapphire monolithic suspensions, 

tested within KAGRA thanks also to the ELiTES project
E. Majorana (talk)
G. Hammond(Poster)



Cryogenic design
 Current working hypothesis:

 Silicon optics (sapphire as backup?)
 Good thermal noise performances
 Optical absorption issues

 News in this workshop

 Silicon suspension
 Good idea, but huge engineering difficulties
 interesting evolution, for Sapphire monolithic suspensions, 

tested within KAGRA thanks also to the ELiTES project
 Coating puzzle

 How coatings behave at low temperature?



Conflicting results?
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Cryogenic design
 Current working hypothesis:

 Silicon optics (sapphire as backup?)
 Good thermal noise performances
 Optical absorption issues

 News in this workshop

 Silicon suspension
 Good idea, but huge engineering difficulties
 interesting evolution, for Sapphire monolithic suspensions, 

tested within KAGRA thanks also to the ELiTES project
 Coating puzzle

 How coatings behave at low temperature?
 Dopants (Ti, Hafnia), New materials (Si), crystalline coatings 

(AlGaAs, AlGaP), waveguide coatings



Experimental setup @ LMA

R&D summary 20

continuous-flow cryostat - liquid He, T < 10 K 3 experiments:
- substrate absorption
- coating loss: disks [GeNS]

cantilever blades

previous results: J. Degallaix & al., ET-0024A-12 / M. Granata & al., ET-0019A-12
latest results: M. Granata & al., talk @ GWADW13
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ET related research at FSU Jena

Modelling of TN in complex
opto-mechanical systems
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Investigation of the mechanical loss of
bulk materials at cryogenic temperatures

Mechanical and thermal
investigations of suspension
elements
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Quantum Noise reduction
 Classical solutions

 Heavy mirrors
 High power laser

 Xylophone design
 Cross-compatibility High Power/ Cryogenics 

 Squeezing 
 Impact on the R.I. of the filter cavities

 New topologies
H. Grote (Talk)
“Light sources and Interferometer Topologies” session







ET strategy
 Two conflicting elements are dominating the ET scenario:

 Need of a long term support, to develop technologies (R&D), 
to build-up the team (networking)

 Direct support from the national research institutions will be 
null or low profile until advanced detectors will be operative 
and the detection achieved

 We had to develop a strategy compliant with these 
constrains 
 ET has been configured as a long term project based on EU 

“federal” support
 Past:

 Kick-off meeting supported by the European Science Foundation 
(Exploratory workshop in 2005)

 Design study supported by the European Commission (FP7)
 Present & Future:

4th ET symposium 27
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 KAGRA is pioneering the 
development of an 
underground infrastructure and 
of the cryogenic interferometer 
for GW detection

 For ET is mandatory to have a 
synergy with KAGRA

 A 4 years European-Japanese 
joint project “ELiTES” 
supported by European 
Commission under FP7-IRSES 
is started in 2013
 Exchange of scientists focused 

mainly on cryogenic issues 
common to ET and KAGRA

MGR13- ET 29

ELiTES: Synergies with KAGRA
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ET-R&D
 ET-R&D is a project funded by national agencies, in 

a quasi-European framework (ASPERA)
 Coordinated by H.Lueck



Activities

4th ET symposium 34
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4th ET symposium 

•ELiTES
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•ET-R&D (Aspera)
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GraWIToN
 GraWIToN is an “Initial Training Network” (Marie Curie 

Actions) focused on GW, with special accent on ET
 It is composed by 13 members (Institution, 

universities, research centers and 3 private 
companies) in 4 EU countries 

 It aims to the training of 13 PhD students on GW 
subjects; funds for
 Salaries
 Research activities

 We are concluding the negotiation in these days and 
the project will starts in February 2014 
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ET Observatory Funding
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•ELiTES
•ERC starting grant
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•GraWIToN (ITN)

GW Research Infrastructures 
have been pre-selected as

TOPICS WITH HIGH POTENTIAL 
AND WITH MERIT FOR FUTURE 

HORIZON 2020 ACTIONS
FOR INTEGRATING AND 

OPENING EXISTING NATIONAL 
RESEARCH 

INFRASTRUCTURES



Conclusions
 ET is a long term project of a 3G GW observatory

 Currently the activities are focused to the development 
of the needed technologies and to the definition of the 
technical design

 It is configured as a “background” activity, based on 
funds  from the “advanced detectors” and it will ramp-
up after the first detection
 Again on EU funding strategy… meeting tomorrow on R.I. 

integration 


