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operates the Virgo Vacuum System 

 
EGO - Virgo Collaboration 



a Gravitational Waves Detector designed, built and operated by a 

collaboration made up of 20 laboratories from 6 countries.  

 

VIRGO experiment 

... others coming 

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


VIRGO experiment 

3 INFN LASA - 14 Giugno 2024 

Gli interessati sono invitati a visitare il sito 



SUMMARY 

ÅVirgo Vacuum System 

ïOverview 

ï Part. Pressure Requirements 

ïChambers 

ï Pumping systems 

ïMaterials compatibility 

ïóCryotrapsô 

ï Selected Experiences 

ÅProspettiva per ET  

ï Key figures: layout, size, vacuum levels 

 

 

4 INFN LASA - 14 Giugno 2024 



Interferometro laser Rivelatore GW 
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Le parti sensibili dell'interferometro, inclusi gli specchi principali, i sistemi 
meccanici e il fascio laser, sono mantenute sotto vuoto per ridurre vari disturbi 
a livelli accettabili. 

Source: Virgo web 
Fonte: Virgo WEB 



VACUUM LAYOUT 

E-9 mbar 

E-8 mbar 

E-7 mbar 

E-6 mbar 

Å 2 x 3 km UHV arms 
Å Large chambers and cryogenics at extremities 

http://www.uv.es/


Partial Pressure limits 
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3 km UHV tubes: low E-9 mbar (H2 dominant) 
to lower the statistical fluctuation of the optical 
path (fluctuaction of residual gas density) 

Towers: shall operate down to low E-8 mbar 
(TMs ones) unbaked . Molecules hitting the 
mirrors produce the so-ŎŀƭƭŜŘ ΨƎŀǎ ŘŀƳǇƛƴƎΨ 
effect [Cavalleri et al. (2009). Gas damping force noise on a macroscopic 

test body in an infinite gas reservoir] 

Mirror  contamination: Low-volatile 
molecules < 1E-13 mbar όΨone-monolayerΩ 
conventional approach). The build-up of 
deposits on optical surfaces can increase 
ΨŀōǎƻǊǇǘƛƻƴ and ǎŎŀǘǘŜǊƛƴƎΩΦ [S. Tanioka et al. Optical loss 

study of molecular layer for a cryogenic interferometric gravitational-wave 
detector, Phys. Rev. D 102 (2020)] 
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Raising the pressure in the 3 km tubes 

VSR4 , 2E-6mbar, 8E-6mbar, 4E-5mbar, 1E-4mbar (N2) 

M. Zucker, S.Whitcomb, Measurement of Optical Path 
Fluctuations due to Residual Gas in the LIGO 40 Meter 
Interferometer LIGO Project internal document 
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VACUUM SNAPSHOT 
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VACUUM SCHEMATIC 



 
Large Vacuum valves up to ø= 1 m  

10 Towers 
one per core optics 

3 km long 
UHV tubes 

 VACUUM CHAMBERS 

77K cryostats to 
pump water vapor 

MC pipe 
+ 5 minitowers 
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Upper Part 

10-6 mbar 

 
 
 
 
 
 
Differential 
pumping 
chamber 
 
 
Lower  part 

10-8 mbar 

TOWERS: two (three) vacuum levels 
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IVC 
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Matrice

Allows the suspension 
wire passing through in a 
small pipe with a few mm 
of clearance.  
Possible pumping with 
external ion pump (not 
used).  
 
Equivalent ΨconductanceΩ 
evaluated from 1.5 l/s to 
0.1 l/s N2 if pumping. 
Field tests: bypass effects 
in some towers increase 
Ceq up to 4-5 l/s. 

Warning: IVC thin structure 
support a few mbar only. 



TOWERS: mechanical features 

Å Ø = 2m, up to 11m 
high, > 20 ton; 

Å House complex 
mechanics 
(chambers 
frequencies > 15 Hz, 
within seismic-
attenuator range); 

Å When in air, they 
works as a 
cleanroom: allow 
clean ŀƴŘ ΨŜŀǎȅΩ 
access of personnel 
to work close to 
inner optics;  
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Credits F.Bianchi 
Credits G.Capoccia 



Flanges and seals 

ҍ Helicoflex® for not-accessed flanges, 20+ 
years Ψwelded-likeΩ lifetime. 

ҍ Double o-ring (any experience? e.g. wrt 
residual water permeation)  

ҍ Single o-ring (upper parts)  

 

INFN LASA - 14 Giugno 2024 14 



15 

Å24000 m2 walls!  

ÅThey contain ñonlyò optical baffles and the laser beam 

3 km UHV TUBES 

Inner view at one extremity 
Ø = 1.2 m 

view inside the 5 
Ƴ ǿƛŘŜ ΨǘǳƴƴŜƭΩΦ 
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o Prefabricated modules 15 m long, joined by welding ; 

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

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

o Flanges: only a few on 3 km for pumps and gauges; 

TUBE DESIGN: THE MODULE 
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Base material conditioning was required to meet vacuum goals (24000 m2 walls).  
  
heating at Ḑ 400°C in air ƛƴǾƻƭǾŜŘ ŀ ΨΩǎƛƳǇƭŜΩΩ ƻǾŜƴ ŀƴŘ ǊŜŘǳŎŜŘ ǘƘŜ ƘȅŘǊƻƎŜƴ 
outgassing by a factor Ḑ 100; our result: q(H2ύ Җ о9-14 mbar.l.s-1cm-2 @ 20°C  
 
 
The industrial specification was: q(H2) = 5E-14 - NOT CONTRACTUAL - 
 

 

17 

AIR-BAKE OUT  

Å Applied to finished modules   

Å 9ƭŜŎǘǊƛŎŀƭ ƻǾŜƴΣ ΨǎŜŀƭŜŘΩ ƳƻŘǳƭŜǎ 

Å 410°C  +20/-10 , plateau 72h 

Å Hot air purge 8 m3h-1 

Å 5 days long cycle  

Å H content raw mat. Җ н ppm wt  - 
CONTRACTUAL  - 
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Past results about ΨŀƛǊ bake-ƻǳǘΩ 
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Effetto del  flusso di aria pura 

ǇǊƻŎŜǎǎƻ ΨI diffusibileΩ ±ƛǊƎƻ Ϫ плл°C 
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FAT tube modules 

ÅRGA test in factory (non contrattuale TBC) ma 
che ha aiutato a correggere il processo 
(risciacquo) ed controllare qualità dei moduli. 
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o  Chamber at 150°C uniform and at a controlled rate ( ~1 week for SAT stage) 
o  1 Mwatt to heat one tube (15 cm thick thermal insulation) 
o  Joule effect: 2000 A flowing through tube walls 
o  diesel generators: ~ 10^5 litres of fuel to bake one tube 
 
Normally to be performed just one time. 
 

TUBES: BAKE-OUT in situ 
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SOME DATA of BAKED TUBES 

¢ȅǇƛŎŀƭ wD! ƻƴ ΨǘǳōŜΩ ŀŦǘŜǊ ōŀƪŜ-out 

 
×   H2 outgassing , our findings  
      
Module0 test:             = 3E-14 
Tube sections (check)        Ђ 1E-14  

Pisa/LAL prototypes           < 1E-14 

         [mbar.l.s-1cm2 @20°C ] 
 

V. Brisson , P.Marin et al. / Vacuum 60 (2001) 

Accumulated gas over 2+ years on a 
ΨǘǳōŜ prototypeΩ 
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Control Rack and its operation ǇŀƴŜƭ ŦƻǊ ŀ ΨtowerΩ pumping station 
 

Tower synoptic  

PUMPING SYSTEM  

Statistic (not updated) 

22     Roughing/backing dry pumps 

21     Turbo-molecular pumps 

25     Ion pumps 

20     Residual gas analyzers 

221   Angle valves 

111   Gate valves 

4   Large valves ø=1000 mm 

153   Gauges 

 

 

 

 

Main requirements:  oil free pumps 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 
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A more recent upgrade: 
Turbo-molecular pumps 
permanently running on 
each tower upper 
compartment (typical size 
1000 l/s) are backed 
remotely to limit 
acoustic/seismic 
disturbances (or 
discontinuously , this not 
optimal for hydrogen) 

Remote backing pumps 
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CONTROL SYSTEM HW & SW 

Å  Local or remote operation 
Å  Logic of operation is managed by a PLC 
Å  Interlocks by Supervisor SW 
 
 
 
 
 
 
 
 
 
 
Å Data fully integrated in Virgo DAQ 
(5000 channels @ 1 Hz , < 0.1 % of the 
total) by LAL team 
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Main optics and critical systems concentrated in this area. The challenge is to limit 
environmental emissions such as mechanical, acoustic, and magnetic vibrations. Turbo-
molecular pumps: bellows and separate base, shielding of the cable. Not ideal choice.  
Alternatives? Ion pumps? 5ƛǎǇŜǊǎŜŘ ŎƘŀǊƎŜǎΧ Cryogenics? bƻƛǎŜ Χ NEG? High loadΧ !ƭƭ ƻŦ 
them are present, in different positions. 
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LIVELLO DI VUOTO DELLE TORRI 
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The gas load is largely due to the 
added inner materials! 
 
Increasing along detector upgrades 
(from V -> V+ -> AdV -> AdV+) while 
aiming to improve the vacuum in the 
ǘǳōŜǎΧ 
 
Beyond the ΨǎǘŜŀŘȅ ǎǘŀǘŜΩ level, the 
recovery time is also important for 
the duty cycle. 

For 1 base tower -->

Material Surface (cm2) Hyp.q100h q1000h qH2 qN2 100hQ100H Q1000H QH2 N2 and al. 100H

Walls (AISI 304L) 400000 4.00E-11 2.00E-12 1.00E-12 1.60E-05 8.00E-07 4.00E-07

Alu - AW_6082 100000 3.00E-11 3.00E-12 4.00E-14 3.00E-06 3.00E-07 4.00E-09

Glass 15000 2.00E-09 2.00E-10TBC TBC 3.00E-05 3.00E-06

YŀǇǘƻƴ όŎŀōƭŜǎΧύ π a9¢9w 500 9.00E-09 2.00E-10 1.00E-09 2.00E-09 4.50E-06 1.00E-07 5.00E-07 1.00E-06

Other materials (StSt, Titanium, Rame, PTFE, etc.) 50000 1.00E-09 2.00E-10 2.00E-12 5.00E-11 5.00E-05 1.00E-05 1.00E-07 2.50E-06

Macor (thick polymer material) 4000 1.30E-09 4.00E-10TBC 2.00E-10 5.20E-06 1.60E-06 8.00E-07

Estimate 2022 1.09E-04 1.58E-05 1.00E-06 4.30E-06

Ideal Case 1.00E-04 2.00E-05 1.00E-06 1.00E-05

Allowable leak (double Oring) - AREA M2 0.05 3.13E-06 6.26E-08 6.26E-08 3.00E-06

"Extra" materials - Margin 5 4.64E-04 7.50E-05 3.02E-06 2.15E-05

PEEK (thick) 1000 1.80E-07 5.80E-08TBC 2.00E-08 1.80E-04 5.80E-05 2.00E-05

Total - non Ideal only 6.44E-04 1.33E-04 3.02E-06 4.45E-05

All - Total 7.52E-04 1.49E-04 4.02E-06 4.88E-05

Taking into account the unknown "TBC" - TOTAL 8.00E-04 2.00E-04 5.00E-06 5.00E-05

NEW: via CAD, in progress 

OLD: xls table 
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IN-VACUUM COMPONENTS 

27 XXV AIV ς Naples, May 2022  

In-tower components are checked for vacuum compatibility to obtain a 
sufficiently low overall outgassing (i.e. of water vapor, air species, hydrogen). 
Partial pressure of potentially contaminating species are to be kept under 
control as well. 

Credits: IFAE team 



IN-VACUUM CONTAMINATION CONTROL 

28 

VAC ς DM - Feb '19  

Deposition of low-volatile species = 
crucial risk for Virgo optics.  

we qualify materials checking the:   

1. residual gas analysis  

2. optical losses on dedicated 
samples 
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IN-VACUUM CONTAMINATION CONTROL 

Trials with XPS thanks to E.Placidi [J. Vac. Sci. 
Technol. B 42, 034003 (2024)] 

? 



TUBE PUMPING STATIONS 

Every 600 m, taking advantage of the 'enormous' conductance compared 

to typical ducts in other applications 

- Turbomolecular pump 1000 ls-1  for the intermediate phase 

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

- Valves: ñVitonò for the gates (óevacuatedô to limit permeation) 

- spares @ 300m 

- requires a ócleanô and protected area, UPS mains and network. 

Virgo ς active stations O3 
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Installed between Ψunbaked towersΩ ŀƴŘ Ψbaked tubesΩ (added in a second stage)   
LN2 consumption нллл ƭκŘŀȅ ŦǊƻƳ о ΨƘƻǊƛȊƻƴǘŀƭ ǘŀƴƪǎΣ рл Ƴ3 total capacity. Refill 
operations affect the scientific duty cycle. 

CRYOGENIC PUMPS & EQUIPMENT 

Function is to pump water vapor coming from towers 
 

by Nikhef team 

by Genova team 
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CRYOGENIC PUMPS & EQUIPMENT 

a 2m long cylindrical section cooled at 77K 
pumping the water vapor coming from 
ΨtowersΩ chambers (originally used by LIGO).  

Deposit buildup 
(1 y) 

A bit old Χ 
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o Stainless steel body, air-baked 

o Metal sealed(the only large 

flanged joint) 

o Viton o-ring on the gate (single) 

o Bakeable at 150°C 

o Expensive    

  

 

 

× 4 DN1000 Valves to isolate 
ǘƘŜ ΨǘǳōŜǎΩ ŦǊƻƳ ǘƘŜ ΨǘƻǿŜǊǎΩ 

× 7 DN650/400 Valves to isolate 
ǘƘŜ ΨǘƻǿŜǊǎΩ ŦǊƻƳ each other 

LARGE VACUUM VALVES 
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Outgassing data (old, meas. in factory):  
< 5E-8 mbar.l.s-1  - stainless steel body,  H2   
< 5E-7 mbar.l.s-1  - Viton® seal on the gate , baked;  
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Selected Experiences 
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Operation 
Å Frequent access ǘƻ ΨtowersΩ during ΨCommissioning phasesΩ (not optimal 

for the TSPs).  

 

 

 

 

 

 

 

 

Å Super-quiet operation in ΨhōǎŜǊǾƛƴƎ ǇƘŀǎŜǎΩ:  long-time data taking with 
undisturbed vacuum ŀƭƻƴƎ Ғ 1y , with maintenance breaks of 4 h / week. 
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Ψо ƪƳ TubesΩ Venting  
Å Recovery richiederebbe mesi di fermo ITF        La procedura di bake-out 

richiede l'interruzione delle operazioni per diversi mesi, complicando 
notevolmente il ripristino. 

 

Å Massima attenzione a non compromettere il vuoto durante le operazioni 
e gli interventi in torre. Per garantire la sicurezza e l'efficienza delle 
operazioni. 

 

Å Impianto di venting con N2 (LN2): utile in caso di manutenzione 
straordinaria?  
ï L'uso di LN2 per il venting riduce la presenza di acqua, ma la percentuale esatta è 

sconosciuta. 

ï È possibile quantificare il tempo di ripristino associato a questa procedura? 
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Monitoraggio del vuoto con RGA 
Å Several RGAs (old) normally OFF, used for maintenances (1 per tower + 1 

per tube station) 

Å Some RGAsΣ Ψƛƴ pairsΩΣ ƻƴƭƛƴŜ нпκт Φ Mostly ƛƴ ΨCŀǊŀŘŀȅ ƳƻŘŜΩΣ рл uma or 
200 uma range. Installed close to pumps ƻǊ Ψƛƴ ǘƘŜ ƳƛŘŘƭŜΩΦ 

Å Long term stability? Aging ? Spurius peaks build-up ? 
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RGA 

RGA 

RGA RGA 

RGA 

RGA 

RGA 

RGA 

RGA 



ΨΩCalibrationΩΩ 
checks ? 

Gauges are installed in a 'attached 
chamber' (with a gate valve). Pros: 
easy maintenance; Cons: possible 
influence on measurements (even if 
ōŀƪŜŘ Χ Χ ύΦ 

Gauges are initially ΨcheckedΩ ƛƴ ƭŀō, 
then left in-situ for years.  

A possible ΨcheckΩ ƛƴ-situ: 1 point 
with a calibrated leak of N2 (H2) and 
a "known" speed at a relatively high 
pressure ?  
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