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LVK Master Schedule

At present LVK program  extends  all the way to 2030+

—> Schedule now under revision due to uncertainties on LIGO NSF budget  —> extended O4 ?

—> Would translate into a later O5 realisation — [my view] 



LVK  sensitivity

In the next 6 years  the current

Interferometers will reach their 

design sensitivity…




O1+O2+O3 O1+O2+O3 ! 90 events

Assuming yields scale as volume 

we expect about x2-x3 increase in O4 [now 203+]

we expect about x5 increase in O5


!Reaching O(2000) events by 2030+

Reaching precision requires a quantum leap 

—> Third Generation experiments 

https://gracedb.ligo.org/superevents/public/O4/?page=6&showall=0#



Cosmic Explorer (USA)

http://dcc.cosmicexplorer.org/CE-P2100003/public

https://cosmicexplorer.org/

Recent  recommendations

1- Focus on a 40km long L + ET

2. 40km L + 20km L in case ET is not realised


$9M from NSF for preliminary studies 

As in LIGO, support from NSF very unclear



The Einstein Telescope 
(Baseline and Physics Case)

10 km

200 m

http://www.et-gw.eu/ First CDR in 2010 - 2011



Huge rate of detections (about 1 per minute) 

Extended redshift coverage  up to the Dark Age


• Test for primordial BH origin

• Cosmology & Cosmography


Many events with very large Signal-to-Noise ratios 

• Precision tests of GR predictions and detailed  BH studies



Listening the whole Universe
• 106 BH-BH / year  up to  z ~20  (230 Gpcs)  and 103 Msun


• 105 NS-NS / year up to  z~2 

• O(102 – 103) GW events with EM counterparts

Astrophysics 

• BH demography and evolution 

• Primordials? Stellar? 

• Are BHs part of the dark matter? 

• Supernovae, Pulsars, Stochastic signals 

• Properties of neutron stars 

• Multi Messenger: Optical, Neutrinos, Gamma Rays

Iacovelli et al. 2022



About one order of magnitude improvement w.r.t  current  detectors 

and an extended sensitivity to low frequencies  (….many orders of magnitude) !requires R&D 



Complementarity
LISA and ET become complementary now 

that the same signal can be followed 

by LISA and ET in different Hz ranges 


LISA pre-warns ET



2nd Gen ! ET 

3 W

T = 290 K
T = 10 K

3 kW 3 MW

211 kg 200 kg

Underground 

Cryogenic 

Silicon mirrors 

1550 nm (Si transparent) 

New optical coatings 

New suspensions / seismic controls


More powerful lasers 

Larger fused silica mirrors 

1064 nm (silica transparent) 

New optical coatings 

New thermal compensation systems




Einstein Telescope (6 in 1) Xylophone

Each interferometer decoupled into 2 devices 

independent for the best sensitivity to low and 

high frequency



Estimated cost (EU accounting)

Construction : 1900 M€ (in 10 years)

M&O : 37M€ /year

Preparatory phase  (170M€)

1. Site qualification  (funded) 

2. Site preparation  (50 – 60 M€)


Covered by host country

3. R&D on technology (95 M€) (funded)

   

Host country is expected to contribute

with > 50% of the total cost



Ongoing R&D for ET (examples)

@ Maastricht small-scale prototype 

in order to study the operations in 

cryogenics with silicon optics at 1550 nm 

and with mirrors up to 100 kg (relevant for ET-LF)


@ Rome and other R&D places 

in cryogenic suspension

R&D for the production of mirrors up to 

200kg based on silica or silicon of 

high purity and homogeneity.

Nikon SiO2 

AlGaAs crystalline coatings 

R&D in optical coatings reflective 

with low absorption and reduced

 thermal noise.

R&D in active mitigation 

of seismic / Newtonian noise


R&D on IR photo sensors



Major R&D Facilities in ET (incomplete)
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Locations ?

@ Limburg area  (border NL-B-D)

! Promoted by  Nikhef

@ Sardinia

! Promoted by  INFN 

@ Germany is very present in ET and ETpathfinders

They foresee a large investment in the following years


!Exploring Saxony as  a possibility

! Ongoing  geological characterization of the site


!3rd June 2025 : Germany formally asked to be 
considered a site candidate for ET

Intensive studies 

@ Limburg,  

@ Sardinia 

@ Saxony  [now integrated in ET-PP]

For characterize seismic, 

environmental noise, etc ...


@ Lusatia

! Promoted by  DESY



Rising Construction Funds 
In the Netherlands a formal 

request of 900M€ for ET@ Maastricht 

has been approved by the Science 
Minister  to  the NL Government


Italy approved a 50M€ project 

for enabling technologies and 

additional 950M€ for supporting

ET@ Italy  has been secured 


Germany received 

O(20M€) for R&D and to carry our a 
comprehensive study and push for a 
candidature


Time  to discuss the level of financial 
involvement by other EU countries in 
ET for the following decade —> Spain ? 



2L of 15 km 


2L misaligned of 45°

Triangle 10 km


Full sensitivity: HF+LF

Only HF 

Always underground 

Branchesi, Maggiore et al. 2023Layout discussion 

Scientific community made a study of physics potential

comparing  ET-baseline (triangle) vs 2L configurations


—> ETO received the mandate to present full cost of risk analysis 

—> Will compare underground 10 km ET triangle  vs underground  2L  15km   



Comparative studies 

(only physics potential)
• The conclusions are the expected ones


• Longer arms  perform better  

• Only 1L is not  an option (dependent on 

overall network)

• Either one site Triangle or 2 sites L


• NO LF translates into reduction of well 
localised events (more severe for 
triangular configuration)

• 2L HF 15 km comparable to HFLF Δ10km


• Only LF makes BNS pre-meger alerts 
possible —> impact on multi messenger


• Concerns about possible correlations in 
the  Δ  compromising stochastic searchers

Branchesi, Maggiore et al. 2023arXiv:2303.15923




ET experiment and ET Organization

ET-PP is naturally framed inside  ETO chart

ET research infrastructure, services,  and vacuum system under ETO supervision

ET Scientific Collaboration dedicated to experiment design & scientific exploitation 





200 m

ET project is now in the preparatory phase

—> We know already ESFRI roadmap schedule was too optimistic based on simplified assumptions 

—> We are in the process to define a new schedule and roadmap —> all became complicated…



INFRA-DEV ET-PP (Preparatory Phase)
COUNTRY Partners
AUSTRIA U. LEOBEN

BELGIUM U. ANTWERPEN

BELGIUM U. LOUVAIN

EGO EGO

FRANCE CNRS

GERMANY DESY

HUNGARY WIGNER RCP

ITALY INFN

THE NETHERLANDS NIKHEF 

POLAND U. WARSAW

SPAIN IFAE

BSC-CNS (affiliated)

SWITZERLAND

(associated partner) U. GENEVA

UK

(associated partner)


UKRI

CARDIFF 

GLASGOW

COUNTRY Third parties
BELGIUM KU Leuven
GERMANY  RWTH (Aachen), AEI  (MPI), LUH (Hannover)
THE NETHERLANDS  VU  (AMSTERDAM), UM  (MAASTRICHT)

SPAIN  ICCUB (Barcelona), UV (Valencia), UIB (Mallorca)

 CDTI (Madrid)

POLAND NCBJ, CAMK, Cyfronet,  IMPAN

ET-PP Horizon EU

        

12M€

(total value)

3.45M€

Einstein Telescope Preparatory Phase (ET-PP) in  2022 – 2026

HORIZON-INFRA-DEV EU Project coordinated by IFAE

! https://etpp.ifae.es   

> 50% funding already spent

https://etpp.ifae.es


Work Packages (WPs) 
• WP1 Coordination and Management 

• WP2 Organization, Governance and Legal Aspects  

• WP3  Financial Architecture 

• WP4 Site Preparation 

• WP5 ETO - Project Office / Engineering Dept.   

• WP6 Technical Design 

• WP7 Transfer of Technology 

• WP8 Computing and Data Access 

• WP9 Sustainable Development Strategy 

• WP10 Education, Outreach and Citizen Engagement 

29/05/2025 

A large fraction devoted to the creating of the Project Office/ Engineering Department  (44%)

Funding for expert consulting on legal and financial aspects, socio-economic impacts, site selection related studies

Significant funding for sustainability studies

Funding for ET-PP management, KTT, Computing model, and Outreach/Communication



ET-PP web 
https://etpp.ifae.es
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Latest developments in ET-PP consortium
• Following developments in Germany and Lusatia 

there is an increasing interest of DESY to have 
deeper involvement in ET-PP


• Conversations with DESY progressing very well for 
an enhanced German involvement in ET-PP 


• New WP4 [site characterisation] co-coordinator 
already appointed and integrated in activities & 
acting as Lusatia liaison


• New expert from DESY on sustainability will 
assist WP9 [sustainability ] efforts


• Planning for enhanced participation in WP3 
[financial model](DESY already co-coordinating) 

Andreas RietBrock (KIT)

Denise Voelker (DESY)



Work on sites 

Parallel work in each of the three sites 

The work  will not be completed for all the sites before Q4 2026

(Sardinia might have the results already in 2025)


Recently created panel to determine the parameters for site decision


—> Difficult to say when the decision on geometry and site(s) will take place

—> Very difficult political process with high level negotiations taking place 





RECENTLY SIGNED —  MAY 2025



Summary of ET-PP achievements 
Highlights
• ET-PP seed money funding ETO allows forming the partnership for the early in-kind contributions


• Functional ETO - Project office and Engineering Dept in place


• New established ET identify in place and a new Web site coming along very soon


• ET Communication office emerging making ET very visible in the public domain


• ET Refined Science Case Document released (Blue Book) by ET Collaboration


• Vacuum Pipe TDR v1 released under the ETO supervision


• New ET Optical Layout as driven by ETO


• Multiple solid documents on KTT, Innovation and Industrial returns  in place 


• Multiple solid documents on Computing Requirements in place  


• Multiple solid documents on communication and outreach strategy in place


• Key Documents from the Candidate Sites and Sustainability Planning in place

https://einsteintelescope.eu 

https://einsteintelescope.eu/


ET Vacuum Pipe TDR
As coordinated by CERN —> a history of great success

(Slides taken from P. Chiggiato (CERN) during EC review on May 2025 )



ET stray light simulations 

Detailed simulations of the light propagation in the optical cavities

—> Crucial input to determine tune diameter [huge impact on cost]

—> Determines the mitigation strategy for reducing stray light noise

—> Determines the baffle requirements (dimensions and optical specs)

—> Determines the distribution of baffles in the 10km arm


—> Possible thanks to close  relation with Caltech - LIGO since 2020

—> Running common ET/Cosmic Explorer meetings on Stray Light Control

M. Andrés-Carcasona et al., Phys. Rev. D 108, 102001 (2023) 

See talk by Marc Andrés on latest results in non-ideal conditions

and including the 15km L configuration



ETO Engineering & CERN 

ET will count with the supervision of the same CERN team 

behind the recent FCC studies —>  will guarantee the quality 

We are strategically placed in areas with huge industrial returns 
close contacts with Ministry and CDTI [being part of ET-PP]



ET Optical Layout
Task force coordinated by ETO  

• The definition of the ET layout was taking too long and 
started pointed to very expensive civil engineering costs


• Fundamental input for Local teams in the different sites


• A task-force was put in place — delivered layout  in May 
Great success with huge impact 

reduced the volume by  > 25% ! 



ET Science 
Astrophysics

• Black hole properties

– origin (stellar vs. primordial)

– evolution, demography

• Neutron star properties

– demography, equation of state

• Multi-messenger astronomy

– joint GW/EM observations (GRB, kilonova,…)

– multiband GW detection (LISA)

• Detection of new astrophysical sources

– core collapse supernovae

– isolated neutron stars

– stochastic background of astrophysical origin


Fundamental Physics, Cosmology, HEP

• Testing the nature of gravity

– perturbative regime: inspiral phase of BBH, post-Newtonian 
expansion

– strong field regime: physics near BH horizon

exotic compact objects

• QCD 

— interior structure of neutron stars probe ultra-high 
temperatures and densities

– exotic states of matter

• Dark Matter / New Particles

– primordial BHs

– axions, dark matter accreting on compact objects

• Modified Cosmology

– Dark Energy equation of state

– modified GW propagation @ cosmological scales

• Stochastic backgrounds of cosmological origin and HEP

– inflation, first-order phase transitions

–  cosmic strings, domain walls..

arXiv:1912.02622

ET recently concluded a new refined Science Case   (Next slides)

https://arxiv.org/abs/1912.02622


General Relativity Tests

The huge boost in sensitivity and SNR

allows for precise tests of GR 

improving by 2 orders of magnitude 

compared to 2G results. 



ET refined science case 
Tests of GR

A  > 870 pages document 

summarising the ET Science Case


A  great success of the ET Collaboration  
and a central ET-PP deliverable

PN coefficients

Ringdown and BH spectroscopy

https://arxiv.org/pdf/2503.12263



ET refined science case 
Cosmology

https://arxiv.org/pdf/2503.12263

Cosmic strings Phase transitions



Cosmology

Relationship between light distance and redshift 
contains information on high redshift cosmology

in models beyond GR

After a few years and collecting a few hundred BNS events ET can 
do a rigorous test using the BNS narrow mass distribution vs z

Finke, Foffa, Iacovelli, Maggiore, Mancarella 2021



Hubble Constant

Observation with GWs and EM optics


 vH = H0 d   (GW + EM)


Direct measurement of Hubble  parameter HO

Few events of BNS will allow for few % 

precision in the determination of H0 



Multi-messenger

ET will operate in synergy with a number of large infrastructures

 

To understand early emission O(few seconds after mergers ) GRBs 

Prompt on-axis EM detections are necessary —> early warnings



Sky localization

ET + CE would allow for O(1000) events / year  with  sky-localizations (90% CL ) < 10 deg2    

ET+2CEET



ET refined science case 
Cosmology with EM counterparts & Dark Sirens



Map of Spanish involvement in LVK/ET

• There are many groups interested in ET,  some of 
them from HEP, some of them detector builders


• A majority has no hardware capacities 


• Most of them are Theory and GW analysis oriented


• As today there is no consolidated large enough  
experimental community in GW is Spain.                


• We are actively exploring synergies with other 
research centers in Spain to improve the situation 

Group LVK ET Hardware Computing Note
CIEMAT Virgo Y Y YY Still qualifying in Virgo

ICE LISA Y YY-LISA N Not allocated FTEs for HD
IFAE Virgo Y YY YY
IFIC Y TH
UIB LIGO Y Y TH/Analysis
USC LIGO N TH/Analysis
USAL Y TH

IFT Virgo Y TH/Analysis
UCM Y TH
UCAN Y TH
ICCUB Virgo Y Y TH/Analysis

UV Virgo Y TH/Analysis
IEM Y TH/Analysis
IAA Y TH/Analysis

It is the time for HEP groups interested to build their  
hardware capacities participating in ET R&D programs 



Italy-Spain Global Agreement (2nd July 2024)
• Scientific cooperation agreement between Italy and Spain


• Spain politically supports Italian ET candidature in Sardinia


• Spain will explore entering as full member in EGO’s Council (Virgo)


• (Limited) Funding originally included in the PGE 2005 draft  for ET activities


• Italy contributes to IFMIF-DONES in Granada


• Seed for possible bilateral programs…

I am working hard these days to rescue the funds.. 



ET R&D (INFN-IFAE  discussions)

Ongoing discussions with INFN to figure out possible synergies for R&D

—> Unique opportunity  to enlarge the lines of competence in the Spanish Institutions

https://agenda.infn.it/event/36477/



Possible areas of R&D
• Stray light control


• Active monitoring of stray light


• ET pre-alignment system


• Simulations


• Baffle strategy at core of the ET arms


• Characterisation of materials and 
optical coatings for baffles


• Mirror suspensions + payloads


• Wireless readout technology


• Customised electronics+DAQ


•  Active Noise Mitigation


• Customised electronics+DAQ


• Computing resources for modelling 


• Computing resources for data 
management

• ET optical layout


• Wavefront Sensing and Control


• Phase cameras


• Hartmann Wavefront Sensors


• Optical Simulations


• Quadrant photodiodes


• ……..


• Actuators on Optics


• Ring     Heaters


• Deformable Mirros 


• ……


• Quantum Noise Reduction


• QNR simulations


• Integrated squeezed vacuum source


• …….

Sweet but always difficult and slow processes 

It is time for the Spanish Institutions to move



On surface + Underground ?
• CE with longer arms 40km + 20 km is better in the bulk of the sensitivity 

(10 - 200 Hz) and much cheaper by going on surface


• ET brings the new technology developments to  reach low frequencies by  
going underground + cryogenics (following the path of KAGRA…)


• If ever EU decides to complement ET and build an affordable very long  
(O 2Okm) L-shaped one… you need to find a flat stable and empty place.


• Simulations for 2L hybrid  (surface + underground) rather competitive   

A surface solution would make 

Spain a unique place in Europe


A feasibility study would need 

O(10M€) and a few years of very 

serious work — 

—>  geological studies

—>  costs, legal frameworks.. 

European SHARE map, 

past 475 years

Giardini et al, 2013

https://arxiv.org/pdf/2408.14946



Final notes   
• ET is  the leading EU 3G project today and is regarded as a flagship


•  Strong proposals for hosting the ET infrastructure in place including already 
secured money for construction (but floor is always moving)


• In the following years the ET  project will progress towards a site 
selection(s) , final design and governance,  costs and risk studies, aiming  for 
starting construction before the end of the decade [?]


•  ET-PP EU Preparatory Phase Project is a tool to build coherence in the 
process (never easy…) and to glue “competing teams”


• The re-discussion of ET geometry saga might slow down the progress as it is 
putting ET in a “non-projected quantum state of geometry and location(s)”


• Spanish Ministry decided to have a strategic alliance with Italy  

• Relevant for ET —> might translate into funding for ET-Spain


• ET-Spain needs to grow and get  experimental community more involved.

• There is a window of opportunity for us in case ET goes also on surface..





