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SUMMARY 

1. Central Vacuum: items, battery limits , ET-LF case - no news here 

2. Residual pressure levels (requirements & design values)  

3. ET-LF ‘shell’ – Credits G.Iaquaniello 

4. Baseline tower design/Alternative concepts 

5. Contamination Control – Dust particles, Low-volatiles  

6. ET-HF Highlights: TM towers 2L  

7. LINKS – fully integrated in the central vacuum system - no news here 

8. Leaks! 

9. Pumping: conventional, auxiliary cryopumps 

• 1500W facility  

 

 



CENTRAL VACUUM 



CENTRAL VACUUM vs L  

The preliminary design of the ET-LF 

central vacuum systems does not 

show significant differences between 

the triangle and L   



   RESIDUAL GAS IN CENTRAL AREA 

DIRECT REQUIREMENTS (INTRINSIC NOISE COMPARED TO REF. SENSITIVITY)  

+  DERIVED REQUIREMENTS (INTERFACES CONSTRAINTS)   

DESIGN VALUES (DESIGN MARGIN + LONG TERM PERFORMANCES) 



      LF CENTRAL AREA (PRE-TDR) 



            RESIDUAL GAS IN CENTRAL AREA 

Example: condensation on TM mirror not-HR side. Approx. water deposit on cryogenic mirror (the not-

HR side) at CONSTANT upstream pressures. A ~few ML/year @ 1E-7 Pa of  water (40m long link).  

ALLOWABLE ML TO BE SET 

Water pressure in the 

tower adjacent to the 

LF_TM tower, on the 

central vacuum side 



   RESIDUAL GAS IN CENTRAL AREA 

HF case, see directly the pre-TDR document 



          WARM CHAMBERS BASELINE 



Requirements for manufacturing: 
• Base material:  

304L stainless steel, hot-rolled, up to 15 mm 

thick. Roughness (Ra) reduced to ~1 µm . 

Baked una-tantum. Large parts ! 

• Surface finish: Looking for novel methods . 

• Cleanliness:  particle concentration level 

on the chamber walls should be added 

(reference could be ISO 14644-9:2022). 

Specification of Low-Volatile contaminants as 

well  (e.g. ISO 14644-10).  

 

 

⚑ 
⚑ 

Ultra-high production rates:  

Chambers per month =  ? 

• demand for standardization 

• engagement of major companies or consortia 

• specific contracts covering years-long 

production and installation coordination 

     

           CHAMBERS MANUFACTURING 
Need to align with industry for realistic plans and 

sound requirements 

chambers come 

early 



• The baseline solution, no news here 

           Main warm towers chambers 



• Other design solutions can be prepared : next talk  

           ALTERNATIVE DESIGN 



DUST CONTROL 

Quite stringent 



CHAMBERS ACCESS 



          CHAMBERS ACCESS LF-TM case 



LINKS 

Not just ‘PIPES’ 

They include all the equipment 



LEAKs 



PUMPING SYSTEM 

• Each tower shall be operated and 
accessed independently (valves).  

• Dry pumps and turbomolecular 
pumps to get E-6 range. IP(*) and 
NEG solutions for the permanent 
phase 

    - Standardization needed - 

• Lubricant and dust free,  
low noise emissions.  

• Cryopumps, installed between the 
towers, will provide the fundamental 
pumping 

• Challenge: limiting recovery times  

• Pumping equipment mostly installed 
along ‘links’ 
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OPERATIONAL PHASES 



         AUXILIARY CRYOGENIC PUMPS 

Auxiliary cryogenic pumps 

Cryogenic pumps constitute the principal part of the central vacuum system. 

Their role is to manage the high gas loads originating from towers, allowing the 

required pressures in the beampipe and LF-TM towers . Pump water and 

residual air released from unbaked materials periodically exposed to 

atmosphere, as well as hydrogen: next next talk. 



EXAMPLE (HF) 



COSTS – SPECIAL ITEMS 

• Will be a relevant part of the final the 
design 

 Large metal seals (∼1000 units)  

  Gate Valves Ø∼1 m (∼50+ units) 

 Viewports  

 even if already on the market, require 
optimization by industry 

  

− Metal seals for not-accessed flanges (50 years lifetime) ; 
− Double/single o-ring: access & separated compartments 



CONCLUSIONS 

❏ PRE-TDR also as a way to discuss within ISB teams and help 
design finalization 

❏ Industry engagement is essential  

 



Open for studies within 

the ET Collaboration 
 

Plans include the use of viewports for the ‘local 

controls’ of the optics and methods for 

measuring pressure in the inner tank 

B.Piffre², A.Erbanni¹, L.Francescon¹(*), J.Gargiulo¹, A.Pasqualetti¹  - ¹European Gravitational Observatory, ²Ecole d'ingénieurs du Centre National des Arts et Métiers (Paris, FR) 



• Backup slides 



Source: LIGO web 

Virgo Hall 

Starting from 2G experience  

Source: KAGRA 

Towers and Cryogenics are concentrated at the ‘corners’  inside ‘Caverns’. 

These are the experimental halls, normally accessed by personnel . 

Credits: ETO Task Force, 
Detector Layout, 2L 
Configuration - 06/2025 



GAS LOAD 



      DOWNSTREAM ‘CRYOTRAPS’ 



External RF Vacuum Neutralizer at work 

R&D Activities  

Initiatives on multidisciplinary 

Aspects 

 

within WP IV we highlight: 

• Frost and static-charge 

mitigation via electron 

irradiation 

• Static-charge neutralization 

under vacuum at room 

temperature 

• Passive methods for static-

charge mitigation 

• Trying Low-volatiles 

estimation by spectroscopy 

• Outgassing measurements 

 



 Large Scale Prototypes 

Several major prototype initiatives are currently underway from leading 

laboratories and institutions:  
 

• GRAVITHELIUM at KIT 

• ARC at La Sapienza University, including a large cryostat and payload 

• CAOS at INFN/University of Perugia, hosting 2 full size ET towers 

• ET-Pathfinder, Maastricht University & Nikhef (NL) 

and many others not directly linked to the tower vacuum system. 

 
CAOS ARC ETPathfinder 


