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ET Italia

➢~600 members of 81 institutions for 27 RU
❑ Preventivi INFN Ricercatori: 218 (68.8 FTE) - 

Tecnologi: 54 (13.84 FTE) - Tecnici: 6 

➢ Site Characterization

➢ R&D enabling technologies



R&D
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➢National funds for R&D 

➢Common funds are current limited to vacuum and civil engineering studies 
(@CERN)

➢R&D scenario and roadmap on going
❑ DB of enable covered technologies

❑ avoid duplication of efforts

❑ R&D that can be offered to new RU

❑ international R&D plan 



Challenging 
engineering

ET Enabling 
Technologies
➢The multi-

interferometer 
approach asks for two 
parallel technology 
developments: 

• ET-LF:
• Underground

• Cryogenics

• Silicon (Sapphire) test masses

• Large test masses

• New coatings

• New laser wavelength 

• Seismic suspensions

• Frequency dependent 
squeezing

• ET-HF:
• High power laser

• Large test masses

• New coatings

• Thermal compensation

• Frequency dependent 
squeezing 4

New 
technology in 
cryo-cooling

New 
technology in 

optics

New laser 
technology

High precision 
mechanics and 

low noise 
controls

High quality 
opto-

electronics and 
new controls

Evolved laser 
technology

Evolved 
technology in 

optics

Highly 
innovative 

adaptive optics

High quality 
opto-

electronics and 
new controls



Major R&D Facilities in ET (incomplete)
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Logo

• Project: PNRR –IR0000004
• Grant: 50M€ (2023-2025)
• INFN coordinator

• Coordinating Operating Unit:
• INFN - Perugia

• 11 universities, INAF and ASI
• 16M€ devoted to the candidature of the 

Sardinian site
• 12M€+ contract with a consortium 

of Italian enterprises
• 34M€ addressed to the development of 

the technologies: 
• Realization of a network of Italian 

labs for ET
• Recruitment of about 50 young 

researchers, engineers and 
technicians

• Contracts with external companies

Credits to M. Punturo

https://web.infn.it/einsteintelescope/index.php/it/home-it-it/infrastrutture-e-labs
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R&D Research lines

➢3G Vacuum Systems and Cryogenics (VAC)

➢ Cryogenic payload (CPAY-LF)

➢ Suspensions and Seismic Isolation Systems (SUS)

➢ Active Noise Mitigation (ANM)

➢ Core Optics and Coatings (CRD)

➢ Wave front sensing and control (WSC)

➢ Quantum Noise Reduction (QNR)

➢ Stray light mitigation (SLM)

➢ Computing 

➢ DAQ 
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ET-VIRGO Synergies

➢Env. Noise Measurement (measurements and effect estimation)

➢R&D 

➢Manpower

➢Virgo/EGO the GYM for ET community 

➢ Virgo post-O5 pathway towards ET
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Presentazione Richieste 
Finanziarie



Esempio: 
Suspensions and Seismic Isolation Systems (SUS)

DESCRIZIONE
The seismic isolation system foreseen for ET is based on the Superattenuator, that is successfully operating in the VIRGO 
interferometer and is now 25 years old. 

The goal of ET-LF is to The goal of ET-LF is to isolate the test masses from seismic noise at frequencies above 2 Hz, with a 
significant improvement with respect to the current structure. 

To address this requirement, a R&D plan is running along three main lines: i) Cryogenic payload, ii) Mirror suspension, and iii) 
Seismic Isolation and Control which is the subject of this section

Readiness
Il livello di readiness è diverso a seconda delle varie parti
- Nuove antimolle magnetiche: TRL 4 (Technology validated in lab)
- Per il resto: TRL2-3 ma con l’idea di arrivare a TRL3 a breve

DOCUMENTI DI RIFERIMENTO
Descrizione progetto: https://pandora.infn.it/ws-preventivi-2025-1/3-Preventivi e report attività di 
gruppo/PI/ReportAttivitaET_Pisa.pdf

Presentazione ai referee: https://pandora.infn.it/ws-preventivi-2025-1/2-Slides/3-ET-SUS.pptx

https://pandora.infn.it/ws-preventivi-2025-1/2-Slides/3-ET-SUS.pptx


• 1. PRE: Pre-Isolator
• 2. NIP: Nested Inverted Pendulum
• 3. MAS: Magnetic Anti-Spring
• 4. SSA: Superattenuator Sensors and Actuators
• 5. SCS: Superattenuator Control System
• 6. MLC: Machine Learning for Controls
• 7. IPT: Sensing and Control for NIP test
• 8. NTE: Non-Equilibrium Thermal  Noise

RISULTATI
Grazie all’esperienza maturate in Virgo e ai progetti PNRR, i risultati ottenuti finora sono molteplici. Di seguito 
sono riportati solo i principali. 

WP1: si sta realizzando il test di un nuovo tipo di pre-isolator a Pisa per poi essere testato a CAOS
WP2: un nuovo laboratorio PNRR è in fase di realizzazione a Napoli
WP3: nuovi materiali e un nuovo design per le MAS sono in fase di studio per la realizzazione dei test tra il 
laboratorio di Pisa e CAOS
WP5: una nuova elettronica è in face di design tra i laboratori di Pisa e Bologna
WP8: sistema di misura già realizzato e testato dove andranno effettuate le misure finali entro il 2025.

Esempio: 
Suspensions and Seismic Isolation Systems (SUS)



SUS: Activities

2023 2024 2025 2026 2026
SUS.PRE.1
SUS.PRE.2
SUS.NIP
SUS.MAG.1
SUS.MAG.2
SUS.PIP
SUS.SSA.1
SUS.SSA.2
SUS.SSA.3
SUS.SCS.1
SUS.SCS.2
SUS.MLC.1 GPU Server Setup
SUS.MLC.2
SUS.IPT NGSA Control
SUS.CAOS
SUS.NTE NTE Interferometer

Suspensions CAOS ET-LF 

Pendulum Inverted Pendulum  - BHETSA

Inertial Sensor
Actuators

RCS Zancle (GPU-based control system)

ML-based control

Vertical preisolator
Horizontal preisolator

New cross-bar for seismic filters

Displacement Sensor

➢Several activities are today running following the R&D plan updated in 2021 and successive 
integrations

NGSA



SUS: Overlap with VIRGO

➢Most of activities have one-to-one overlapping with VIRGO. Here few examples.
❑SUS-PRE. Vertical preisolator is derived from the VIRGO base ring vertical control.  Extension 

to horizontal degrees of freedom will be applicable in VIRGO to improve seismic isolation.

❑SUS-MAG. New magnetic anti-springs will allow reducing the size of seismic filters and 
therefore the size of vacuum chambers (the “slim” Superattenuator today under study for 
VIRGO stable recycling cavities)

❑SUS-SCS. New control system under development was already inserted into VIRGO base line 
for next observation run. Future extension allowing introduction A.I. support will be fully 
applicable in VIRGO.

❑SUS-SSA. New inertial sensors will constitute a valid replacement for sensors that are now in 
operation since more than 20 years.

➢Personnel arrived thanks to PNRR ETIC contracts is today contributing to the 
preparation of VIRGO upgrades for next observation run and beyond.
❑New seismic isolation systems for additional optics 

❑New control electronics and software



Richieste Finanziarie



Richieste 2025

➢Richieste 2025: dati nel DB (2073k + 615k SJ) da aggiornare alla luce dei recenti sviluppi delle 
attività 1984k + 1186k SJ
❑ Possibilità scavo BH su vertice 1: 400k SJ

❑ Costo DSS aggiornato a 170k, da considerarsi SJ 
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Maggiori Differenze:
- Missioni: 

- richieste legate alle attività (200k)
- richieste legate agli FTE 
dei singoli gruppi: FTE aumentati di 10 unità 
- richieste legate ai vari ruoli ricoperti in ETC/ETO: aumento ruoli 

di responsabilità (da 45 a 63) 
- richieste conferenze (~200k, algoritmo CSN2)
- aumento costo viaggi

- SITE:
- Realizzazione Nuove aree di misura in corrispondenza dei nuovi 

vertici
- Nuovo BH al vertice P1 
- Missioni sul sito

- Spese ETIC



Assegnazioni 2025
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Residuo Missioni Dec 24: 500 k



Tagli  Assegnazioni 2025 (totale 802 keuro)
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6%

24%

47%

13%

10% apparati

consumo

missioni

inventario

spservizi

-46

-193.5

-370.5

-106.5

-77.5

apparati consumo missioni

inventario spservizi



Finanziamenti 2022-2025

23

0

500

1000

1500

2000

2500

2022 2023 2024 2025

Missioni Consumo Inventario Apparati

Servizi Totale Richieste



Finanziamenti 2022-2025
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Next Step

➢Verifica necessità finanziarie 
❑ fondi trasferte disponibili

❑ previsioni spese trasferte fino a luglio 2025

❑ previsioni spese trasferte fino a dicembre 2025

❑ Acquisto apparati/strumentazioni  

➢Update piano R&D (vedi presentazione Flavio)
❑ verifica stato piano R&D 2022-2025

❑ definizione R&D strategici 

❑ centralità infrastrutture ETIC 
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