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Virgo Collaboration 

... others coming 

https://www.virgo-gw.eu/ 

https://www.nikhef.nl/
http://www.ego-gw.it/
http://wigner.mta.hu/
http://www.uv.es/


O4 completed! 

Å Inaugurated in 2003 

Å Virgo participated to O4 (Apr 
10, 2024 Ą Nov 18, 2025): 585 
days  

Å A long observing run by the 
global network: over 250 
gravitational wave candidates 

 

Å Virgo is now preparing for 
major upgrades that will 
enhance its sensitivity 

 

 

 Sky Localization 

Courtesy of  https://gwosc.org  

GW open data from LVK Collaboration 

 

https://gwosc.org/


           Laser interferometer GW detector 

The sensitive parts of the interferometer: mirrors, mechanical 

systems and the laser beam are kept under vacuum to reduce 

disturbances to acceptable levels 
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           Vacuum System Layout 

E-9 mbar 

E-8 mbar 

E-7 mbar 

ÓE-6 mbar 
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7 INFN LASA - 14 Giugno 2024 

   Virgo Site 



 
Large Vacuum valves up to ø= 1 m  

10 Towers 

one per core optics 

3 km long 

UHV tubes 

77K cryostats to 

pump water vapor 

MC pipe 

+ 5 minitowers 
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  Vacuum Chambers 
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Vacuum Snapshot 
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  Vacuum Schematic 
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Å 24000 m2 walls!  

ÅThey contain ñonlyò optical baffles and the laser beam 

Inside the Tube 

(at one extremity) 

Ø = 1.2 m 

Tube in the 5 m 

wide ótunnelô. 

  3 km UHV Tubes 
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The tubes are built by welding modules in sequence: 

o Prefabricated modules 15 m long, joined by ólipô welding ; 

o Raw material 304L , plain walls 4 mm thick + stiffeners every 1.2 m; 

o Bellows to allow heating up to 160°C (80 kgf/mm); 

o Flanges: only a few for pumps and gauges; 

o Support: friction-free axial motion, low stress on the thin welded 

joint, enabling realignment of the tube height. 
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  3 km         the Modules 
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  3 km         the Modules 
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A complex component:  

o allow longitudinal displacement for module thermal espansion    

o electrically isolated (to allow tube heating by DC current)  

o allow vertical (and transversal) position adjustment to cope with ground subsidence 

o stiff enough to not transfer mechanical stress onto ólipô joint 

o feature fiducial marks for tube alignment 

o allow ófineô adjustment for module installation   

o significant impact on cost 



Ḑ 400°C in factory : it involved a ΨǎƛƳǇƭŜΩ oven and reduced the hydrogen 
outgassing by a factor Ḑ 100; our result: q(H2ύ Җ о9-14 mbar.l.s-1cm-2 @ 20°C  
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Å Applied to finished modules   

Å Electrical large oven 

Å Modules ósealedô 

Å 410°C  +20/-10 , plateau 72h 

Å Hot air purge 8 m3h-1 

Å 5 days long cycle  

Å H content raw mat. Ò 2 ppm wt  - 

CONTRACTUAL  - 

 

 

  3 km       AIR BAKE-OUT (304L) 
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Every 600 m, taking advantage of the large óconductanceô  

 

- Turbomolecular pump 1000 ls-1  for the intermediate phase 

- TSP/IP pumps 2000 ls-1 H2  for the permanent phase 

-  now adding extra large ion pumps 

 

Virgo ï active stations O3 
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   Pumping Stations 
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Upper Part 

10-6 mbar 

 

 

 

 

 

 

 

Conductance 

chamber 

 

 

Lower  part 

10-8 mbar 
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  3 km    TOWER: two vacuum levels 
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  3 km       TOWERS VACUUM 

Structural requirements: 

modes >15 Hz, within 

the seismic-attenuator 

operating range, é 
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Main optics and critical systems are concentrated in this area.  

Environmental emissions (mechanical, acoustic, magnetic, dispersed charges, 

temperature effects) must be controlled. 



Large pumps between ótowersô and ótubesô  to handle water vapor 

LN2 consumption 2000 l/day from 3 óhorizontal tanks, 50 m3 total capacity. 

Refill operations affect the scientific duty cycle. 

Credits: F. Schimmel et al. 
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  3 km          Cryogenic Pumps 

Credits: INFN-Ge 
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Control Rack and its operation panel for a ótowerô pumping station 

 

Tower synoptic  

Main features:  oil free against contamination risk, low acoustic / seismic 

/ magnetic emissions, long maintenance intervals to preserve duty cycle. 
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Upper pumping 

Rough stage 

Permanent lower 

Spare/intermediate stage 

IVC 

  3 km       PUMPING SYSTEM 

Å HW & SW Interlocks  

Å Local or remote operation 

Å Logic managed by a PLC at local level 

Å Supervisor SW running 24/7 

Å Data fully integrated (5000 channels @ 

1 Hz , < 0.1 % of the total) 

© LAL Team 
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Ç In-tower components are tested and selected for vacuum 

compatibility to ensure they remain within the allocated outgassing 

budget (water vapor, air species, hydrogen). 
 

Ç Partial pressures of potentially contaminating species must be tightly 

controlled. 

Credits: IFAE team 

  3 km     MATERIALS SELECTION 

APPEC Forum - Virgo Vacuum - Nov 2025 



21 

  3 km    COMPATIBILITY ASSESSMENT 
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Trials with XPS thanks to E.Placidi [J. Vac. 

Sci. Technol. B 42, 034003 (2024)] 

working to make the 

material-qualification 

process more 

quantitative 
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Credits: M.Perciballi 

Ç During in-air interventions, 

the chambers are operated 

as cleanrooms, equivalent to 

ISO5 

 

Ç Dust control has proven to 

be an issue and is being 

enforced 

  3 km    CLEANROOM FEATURES 

Large particles can act as point 

absorbers and generate surface 

deformation 

particles can induce damage on 

silica suspension fibers (0.4 mm)  
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  3 km        CLEAN PROCEDURES 
Å Airborne class continuously monitored 

when operating in-air 

Å Surfaces: monitored with Si-wafers 

systematically exposed during operations 

Recently added diagnostics  and improved the 

cleaning Lab 

working to implement standards 

to control cleanliness levels 
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Å Large number of viewports, also with large dimensions, of different 
base materials and possibly exposed to high power beams . 

Å Dedicated policy against breaking risks in force (external screen + 
operation). 

Å looking for a customized design Supplier for Kovar-brazed VPs. 

 

Breaking event of a viewport, 2008 

Risk = defect + stress x time 

Glass/KOVAR joint design was the origin of the stress (SSV) 

  3 km            VIEWPORTS 
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Static charge can build-up on TMs after 
months of service under vacuum 
(estimated at level of E-9 C) => 
neutralization device needed. 

  3 km    CHARGES ACCUMULATION 

Separated  chamber  

HV needle device 
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                       GEO600 

Source: GEO600 web Located near Hannover, with 600 m long arms 

Participating to the global GW effort 
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                       GEO600 

Adopted technologies are potential 

candidates for ET studies 

óCorrugatedô Beampipe 

Diameter: 60 cm 

133 modules × 4.5 m each 

Wall thickness: 0.8-0.9 mm 

Corrugation period: 1.9 cm 

Weight: 2 × 13 t 

AISI 316L  

 

Advantages: 

Reduced weight 

Easier installation 

Less material required (lower cost) 

Corrugated bellows 

Faster bake-out 

Corrosion resistance Courtesy H.Lück 



APPEC Forum - Virgo Vacuum - Nov 2025 28 

  3 km        VIRGO UPGRADE 
Main chambers at present 
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  3 km        VIRGO UPGRADE 
Update works planned for 2027, orders possibly in 2026. 
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  3 km        VIRGO UPGRADE 
New optical configuration and new Vacuum System 
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  3 km        New Chambers 
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  3 km        New Chambers 
Relatively complex base + standardized rings 
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  3 km        New Chambers 

2.5 m 

å
 
5
 
m

 

1.2 m 
Largest element < 8 t 
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  3 km    QUESTIONS to INDUSTRY 

Manufacturing Highlights 
Base material: 304L stainless steel 

 

Å Surface finish:  

             1) hot-rolled, up to 15 mm thick. Roughness (Ra) 4-5 µm to be     

      reduced to ~1 µm = novel methods ? 

 2) 8 mm thick sheet - cold rolled 2B grade: available ? 

 

Å Electropolishing 

 

Å Clean oven for air-baking @ 400°C 

     3) if applied on raw material sheets, would machining/welding be 

affected? 

 

Å Chambers are baked una-tantum. Large parts !   

     4) Plasma with O2 as final cleaning treatment: experiences? 

New surfaces must be treated for low outgassing and made compatible 

with ISO5 environment. Which technologies are proposed ? 



                            ET Project 
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ET Vacuum System Scale 


