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SUMMARY (@)=

A Virgo Vacuum System
I Overview
I Part. Pressure Requirements
i Chambers
I Pumping systems
I Materials compatibility
I &ryotrapso
I Selected Experiences
A Prospettiva per ET

I Key figures: layout, size, vacuum levels
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Interferometro laser Rivelatore GW

WI, NI: West, North Input Mirror
WE, NE: West, North End Mirror
PR: Power Recycling Mirror

Laser [—*

PR

WE

Wi

NE
NI 3 km

\ 4

Detection Fonte: Virgo WEB

Le parti sensibili dell'interferometro, inclusi gli specchi principali, i sistemi
meccanici e il fascio laser, sono mantenute sotto vuotorgknre vari disturbi

a livelliaccettabili.
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VACUUM LAYOUT (@)=

A 2x 3 km UHV arms
A Large chamberand eyogenics aextremities

E7 mbar
B &6 mbar



http://www.uv.es/

PartialPressuraimits

) Raisingthe pressure in the 3 krtubes

3 km UHV tubedow E9 mbar (H, dominanf
to lower the statistical fluctuation of the optica

path fluctuactionof residualgas density) !

Towers shall operate down tdow E8 mbar ~ ®

(TMs onejunbaked. Moleculeshitting the SR4 2Embar, 8mbar, AE5mban 1E4mbar () ‘

mirrorsproducethe scO | f f KRR YWIIlya - g
FrequencyHz]

effect [Cavalleret al. (2009). Gas damping force noise on a macroscopic
test body in an infinite gas resenjoir

In principle all present gas species are to be
accounted [1]. Noise level « ~ [P, = {/m; * q,
error Contam I natlon LOVV_V0|atI Ie Example, common species wrt N, at same pressure:
molecules< 1E13 mbar 6ote-monolayeiQ CO=x1.1, CHy=x12, COp=x 1.8, ~({imsa)/({fm, ay,)
: : Contamination of heavy organics (‘Hydrocarbons’)

Convent|0nalap proacb ' The bu I Id_u p Of shall be required as very low: challenging.
deposits on optical surfaces can increase

. = )4 - . % % A i 1] G. Cella et al., Residual pressure noise evaluation, 2008
LIJ I O a 2 Nmm Q | 2 WU [§TGINQKEtw aﬁl@kg& M.Zucker,S.Whitcor:bMeasurementof Optical Path
studyof molecularayerfor acryogenidnterferometricgravitationatwave Fluctuations dugo ResiduaBas in the LIGO 40 Meter

detector,Phys Rev. D 102 (2020 | Interferometer LIGO Projeittternal document
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VACUUM SNAPSHOT
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(Det Pressure G51)
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VACUUM SCHEMATIC (@)
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(0@ VACUUMCHAMBERS  ([@%=

OBSERVATORY

10 Towers
one per core optics

Large Vacuum valvagp to =1 m

MC pipe
+ 5 minitowers

\

77K cryostatdo
pump water vapor

3 km long
UHV tubes
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TOWERS: two (three) vacuum leve(@h

irgo

w UpperPart

106 mbar

s|eas buu-o

Differential

pumping
~ chamber
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Warning IVChin structure
supportafew mbaronly.

0.24
0z
= 02
s 012
5 0.18
]
2014
5
3o
0.1

Conductance of IV C with the distance
betw een the two pipes (forAr).

i S ey

=12 mm
A @
@ =24 mm
N
\ 4
A
pump
ol —_—
\4
A
— (diffuse reflections)
\/
L1+ L2 +L3 = fixed

2 4 6 8 10 12 14 16 18 20 22

Ls(cm)

aif\NFN LASAL4 Giugno 2024

Allowsthe suspension
wire passingthroughin a
smallpipewith afew mm
of clearance.
Possiblgoumpingwith
externalion pump(not
used.

Equivalent€onductanc®
evaluatedfrom 1.5l/s to
0.11/s N2if pumping
Fieldtests bypasseffects
in sometowersincrease
Cequp to 45 I/s.
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TOWERSnechanicafeatures

A @=2m,uptollm
high,> 20 ton;

A Housecomplex
mechanics
(chambers
frequencies>15Hz,
within seismie
attenuatorrange);

A Whenin air,they
worksasa
cleanroom allow
cleant Y R WS
accesof personnel
to work closeto
Inner optics

CreditsF.Bianchi
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Flangesandseals

Helicoflex® fornot-accessedlanges 20+
yearsWeldedlike(ifetime.

Double ering (any experienc@ e.g. wrt
residualwater permeatior)

Singleo-ring (Upperparts)
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3 km UHV TUBES (@)=

A 24000 m2 walls!
AThey contain 0 : i cal

/

i/
o/,

N
NN
N

o.S%

//
/74?;

view inside the 5
Y 6ARS Wi

INFN LASA14 Giugno 2024




TUBE DESIGN: THE MODULI(@)-=

o Prefabricatednodules 15 m long, joined by welding
o Raw material 304L , plain wallswin thick + stiffeners everg.2 m;

o Bellows to allow heating up to 180 (80kgfmm);

o Flanges: only a few on 3 km for pumps and gauges;
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AIRBAKE OUT (-

Base material anditioningwas required to meet vacuum goals (24000walls).

heating atD 400°C inaifA Yy @2t SR | WQaAYLI SQQ 20Sy
outgassingoy a factorD 100; our resultq(H,0 X4 ml@ar.l.slcn? @ 20C

The industrial specification wag(H,) = 5E14- NOT CONTRACTUAL

A Applied to finished modules

A 9t SOGNAOIE 2@Sy|z wa!

A 410°C +20/10 ,plateau 72h

A Hot air purge8 meht

A 5days long cycle

A H content raw matXX ppm wit -
CONTRACTUAL
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PastresultsaboutW I bakis2 dzi ¢

ing from stainlest

o, A OF Vigio. A Gied, A Oury
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0.001

time, h

1.0E+00

1.0E-01

1.0E-02

C/Co

1.0E-03

1.0E-04

Ceq.Sievert

20 40 60 80 100

time, hr
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FAT tubemodules

A RGA test irfiactory (non contrattuale TBGha
che ha aiutata correggere Il processo
(risciacquo) ed controllare qualita dei moduli.
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TUBES: BAKRUT In situ

(@

o Chamber at 150C uniformandat a controlled rate ¢1 week forSAT 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- 1075 litres of fuel to bake one tube

Normally to be performed just one time

—
I O B = B R i B - R 1 ==
. " i 1l 1l 1l 11 11 | l 1l 1l oy °
: Gl / ’ ’ H H ’ H UL
INPUT {TOWER b ZQE I TERMINAL TOW
VALVE DN 1000 @C
indirect heating indirect heating
L % é 71 7/ 4‘5 c‘, 7/ 1 71/ 7/ il
// - / . 1/ - s - / - - I - - o :
POSTION, 16 300 301 ! 600 601 900 901 1200 1201 1500 1501 " 18001801 aoo 2o 24002401 2700 2701 2985 3000
< GROUND ELECTRICAL CONNECTION
@D;% DC CURRENT SUPPLY - 3000 Anp 60V
@% DC CURRENT SUPPLY - DOUBLE DUTPUT 2 x 2300 Amp 60V [/@@%/V RNGFDN
INDEX | DATE MODIFICATIONS
PUMPS ACTIVE PUNPING GROUP - 5 INDIPENDENT HEATING TAPES NAMESEN
: VACUUM TUBE BAKE CIRCUIT
DRAWNG
@ NON ACTIVE PUMPING GROUP - 2 INDIPENDENT HEATING TAPES DESION A PASQUALETTI 20-03-0
CONTROL
‘ APPROVAL

CIl ENAME

rfIDFRAVE 9



SOME DATA of BAKED TUBES (@

1,E-04
1st section bake 16-24 May 2001 E
. . . ] total pressure evolution
x Hy outgassing our findings e SN
~ 1606 W \\

ModuleO test = 3E14 % eor ~—~—

Tube sections (check) HlE14 ‘
Pisa/LAL prototypes 1E14 e

[mbar.l.slcn? @2CC] 1609 N

1,E-10

0 24 48 72 96 120 144 168 192

partial pressure N2eq, mbar

time (hr)

¢& LA Ot wD! 23yutWidz S Accumulatedyas over 24earson a
Wi dadtBtypeQ

1.E-07

Residual Gases i i g

V. BrissonP.Marinetal./ Vacuum 60Z001)
1.E-08 Arm tube | 1
after baking /

900m - 1500m N 5
1.E-09 . 1,E-06 —
1.E-10 //
1.E-11 / ,,/
1.E-12
1.E3 | | ‘ Number|of days
1E-14 | ‘ ||.: |:|.|| il 1| |||.|‘II||.“||.1I|. HEAIR RN plo 0,E+00

0 10 20 30 40 50 60 70 80 90 100 0 100 200 300 400 500 600 700 800

mass/charge
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PUMPING SYSTEM (@)=

Main requirements: oil free pumps against contamination risk, low acoustic /
seismic / magnetic emissions , long maintenance intervals to preserve duty cycle.

______ e o Statistic (not updated
North Inputlll'ower o . @ I vz ( . g . )
<] 22 Roughing/backing dry pumps

Valve Legend

Ciose

Move

200E 02 mBUpperpumplngog%% Bar
21  Turbo-molecular pumps

- = 25 lon pumps

20 Residual gas analyzers

: X . ::221 Angle valves
— :'I'X'ﬁﬁ' gg__fasul___]éls_]__:__llll Gate valves
3K : lvc O_OE4 Large valves g=1000 mm
X mmmm==~ 153 Gauges

' -
Gd2 Gd3 Gd4

100E+03mB r 0.00E+00 mBar0.0| E+OOmB
vdl . . . [ del

G31

|
0.00E+00 mBar Ipermanentlowel’

V31 va | —
X D>
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Remote backing pumps ((@1%

(o A morerecentupgrade:
g e Turbemolecularpumps
permanentlyrunning on
each tower upper

(sorinbe ) (warssnta (e || (ot compartment (typical size
PAGEEAR A 1000 I/s) arebacked
remotelyto limit

[ 0.01218 mbar |

: e acousti¢seismic

| disturbancegor
discontinuously this not
optimal forhydrogern)

| 0.001563 mbar |

d -

Vpr Gpr

[ 0.0005009 mbar |

8-y

Vib Gib
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CONTROL SYSTEM HW & SV(@)

A Local or remoteperation
A Logicof operation is managed by a P
A Interlocksby Supervisor SW

AData fully integrated in Virgo DAQ
(5000 channels @ 1 Hz, < 0.1 % of th
total)

by LAL team
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Main optics and critical systems concentrated in this area. The challenge is to limit
environmentalemissions such as mechanical, acoustic, and magnetic vibrafions>
molecularpumps: bellows andeparate base, shielding tife cable. Notdeal choice.
Alternatives? lon pum@®5 A & LIS NA S KCrydyénicddRR S\ENEGMigh loak ! f

them are present, in different positions.
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Res. Press [mbar]

LIVELLO DI VUOTO DELLE TO(@%

Thegas load is largely due to the
added innemateriald

Increasingalong detector upgrades
(fromV-> V+> AdV->Ad\W)while
aiming to improvethe vacuum irthe

G dzo Sax

Beyond thel & i 4 Il Révs e
recovery time is also importafr

the duty cycle.

0.0001
—— NE 2016 first with metallic PAY
—i— PR 2017, fast intervention
——fr— MNE 2017 first monalithic PAY
\ —— NE 2017 3rd monolithic PAY
= *ﬁ:ﬁ‘"““ ~ —s— NE 2017 no PAY
.g ~ :‘1-..‘ \\ ) )
— ~ — & -5R 2017, fastintervention 204
g 1E-05 \‘ I/s extrapol
2 ! NI Oct 2016
£
g NIJan 2017 _ MonPAY1st
2
a1
0.5
residual gos compaosition: water| 2 90%
5 4 req.ts
1stweek 2nd week
1E-06 } SN . S B
10 100 1000
pumping time (roughing excluded) [hr]
4 0DE-05
3.50E-05
3.00E-05 -
—_
For 1 base tower --> N
Materia . . n ¢ 3 [Surface (cm2Hypql00h  [g1000h |gH2  |gN2100HQ100H |Q1000H |QH2 N2 and al. 100"
walls @)« ) XISTANIE 400000 4.00E-1] 2.00E-12 1.00E-1 1.60E-05 8.00E-0f 4.00E-0f par
Alu - AW_6082 10000Q 3.00E-1] 3.00E-12 4.00E-1 3.00E-0§ 3.00E-0 4.00E-0f AY
Glass 15000 2.00E-09 2.00E-1qTBC TBC 3.00E-0p 3.00E-0f
YI L2y 60I6fSaxXo m a9fow 500 9.00E-09 2.00E-1q 1.00E-09 2.00E-09 4.50E-0 1.00E-Of 5.00E-O0f 1.00E-Offén 20
Other materials (StSt, Titanium, Rame, PTFE, gtc.) 50000 1.00E-09 2.00E-1q 2.00E-14 5.00E-11] 5.00E-0p 1.00E-0p 1.00E-Of 2.50E-0]

Macor (thick polymer material)

Estimate 2022

Ideal Case

Allowable leak (double Oring) - AREA M2

"Extra" materials - Margin

PEEK (thick)

Total - non Ideal only

1x10"*

1% 107"

1x107°

1107

10 100 200 300
time [h]

All - Total
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(0 INVVACUUM COMPONENTS (@

OBSERVATORY

In-tower components are checked for vacuum compatibility to obtain a
sufficiently low overall outgassing(i.e. of water vapor, air specieshydrogen.
Partial pressureof potentially contaminating speciesare to be kept under

controlaswell.

XXV AlI¥ Naples, May 2022 27



Deposition of lowvolatile species=
crucial risk for Virgaoptics.

we gualify materialscheckinghe:
1. residual gasnalysis

2. optical losses on dedicated
samples

_________

‘Absorption [ppm], schantilon :C11027-14retaur (talie-171019

ced

IN-VACUUM CONTAMINATION CONT(@

go

INFN LASA14 Giugno 2024
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IN\VACUUM CONTAMINATION CONT(@)

OPTICAL LOSSES
MEASUREMENTS
(LMA) ===

No clear correlation between
the detected contaminant level
in the gas and the measured

optical losses

RESIDUAL GAS ANALYSIS

MISSING

Identification of
deposited species

SEM for GROSS
contamination
identifi(_:ation

2. Quantification of
deposited film

Trialswith XP3hanksto E.PlacidjJ Vac Sci.
TechnalB 42, 034003 (2024)]

\ Ta rget
surface

(&,/) \. sample holder,

temp. controlled
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G0

Virgo g active stations O3

s TUBE PUMPING STATIONS (@)

OBSERVATORY

Every 600 m, taking advantage of the ‘enormous’ conductance compared
to typical ducts in other applications

- Turbomolecular pump 1000 Ist for the intermediate phase

- TSP/IP pumps 2000 Is't H, for the permanent phase

-Valves:Ai Vi tono for the gates (6evacu
- spares @ 300m

-requires a oO0cleand and protected

INFN LASA14 Giugno 2024
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CRYOGENIC PUMPS & EQUIPMEM(@):

InstalledbetweenUnbakediowersQ MBgkBdtubeSYadded in a second stage)

LN2consumptionrd nnn £ kK RIF & FNRY
operations affect the scientific duty cycle.

HV tower

0 3 totaKcapisidityl Refill | |

o
—
——

LN2 bath Cryostat
ConsumptionLN2 5 It/hr
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CRYOGENIC PUMPS & EQUIPMEMN(@):

a2m longcylindricalsectioncooledat 77K
pumpingthe water vaporcomingfrom
L1@€)wers£?¢:hambers(or|gmallyusedby LIGO)

Baffle apert

ga ffl L . :
Q @ OE rrm— [1 w0, = 600 Pext 3118

(D 950

—— §=700

@ SR 1_ 1 e il
Baffle aperture '—ij___ | I‘-f—, L | |
O g=500 I

I

Incident molecular flux - water

== closedTower
01 —
1.00E-09 +—#4 0% ot T
===gopenTower
d N+, O+ °
001 n REH
0 500 1000 1500 2000 2500 3000 3500 4000 LODE-10
2.1x10° iti
position [mm] J
; N++ O+ Hule +
. 1.00E-11
g 1410 . ) Depositbuildup
7 \ 04+ 5040+

. Qy) 1.00E-12

7.0x107
. 5hy, By Uncal.
K 1.00E-13 ‘ : :

ol | . . * * *  °AbitoldX

distance from inlet [m]

[N




() LARGE VACUUM VALVES (@)

OBSERVATORY

x 4 DN1000Ovalvesto isolate
UKS Wiudz0SaQ FTNRY
o0 Stainless steel body, daked
0 Metal sealed(the only large
flanged joint)
o Viton oring on the gate (single)

o Bakeable at 15TC
0 Expensive

Qutgassing datdold, meas. in factory):
< 5E8 mbar.l.s' - stainlesssteelbody, H
< 5E7 mbar.l.s' - Viton® seal on the gate , baked;

x 7 DN650/400 Valves to isolate
0 KS Wi 2 ¢ée8Nd#her T NP

INFN LASA14 Giugno 2024 33




(@

SelecteceExperiences
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Operation

A Frequentaccess] Zow&¥sturing @ommissioningohases(not optimal

for the TSPk

Partial pressures in West Tube

ures in West Tube

-7
=30 ——Vi:VAC_TUBE1200W_RGAGa5_002 ‘VAC_TUBE1200W_RGAGa5_002
2 —— V1:VAC_TUBE1200W_RGAGa5_014 ‘VAC_TUBE1200W_RGAGa5_014
E —— V1:VAC_TUBE1200W_RGAGa5_016 ‘VAC_TUBE1200W_RGAGa5_016
Y0° V1:VAC_TUBE1200W_RGAGa5_018 ‘VAC_TUBE1200W_RGAGa5_018
> —— V1:VAC_TUBE1200W_RGAGa5_028 ‘VAC_TUBE1200W_RGAGa5_028
8 — V1:VAC_TUBE1200W_RGAGa5_032 :VAC_TUBE1200W_RGAGa5_032
80° — V1:VAC_TUBE1200W_RGAGa5_012 ‘VAC_TUBE1200W_RGAGa5_012
. | R VO o
- sy} | ———
L R O ——
2 107 e .
< 1B e ——ry - ==
\ A
M
107" nuaw
10—12 1

11-00h 12-00h 13-00h 14-00h 15-00h 16-00h 17-00h
Start: GPS=1320622400 UTC=Nov 10 23:33:02 2021

A Superquiet operation in¥ h 6 & S NI A:yicAgtimiKdata takinQith
undisturbedvacuuml- f 2 y\g with maintenance breaks offl/ week.

Oh 19-00h 20-00h 21-00h 22-00h
400 UTC=Nov 15 10:13:02 2021
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WYo Tub€éL)enting

A Recoveryrichiederebbe mesi di fermdTF  Laprocedura dbakeout
richiede l'interruzione delle operazioni per diversi mesi, complicando
notevolmente ilripristino.

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

A Impianto diventingconN2 (LN2)utile in caso di manutenzione

straordinaria?

I L'usodi LN2 per iventingriduce la presenza di acqua, ma la percentuale esatta €
sconosciuta.

i Epossibile quantificare il tempo di ripristino associato a questa procedura?



Monitoraggio del vuoto con RGA

A SeveraRGA<old) normallyOFFusedfor maintenanceg1 pertower + 1
per tube station)

A SomeRGAE pHilYTZ 2yt MgstyAy n Wl W RummorY 2 R
200umarange Installedcloseto pumps2 NJ WAY GKS YARRT
A Longterm stabllltWAglng’? Spuriuspeaksbuild-up ?

Partial pressures at 1500N

V1:VAC_RGA1500N_RGAGe4_002

V1:VAC_RGA1500N_RGAGe4_014
—— V1:VAC_RGA1500N_RGAGe4_016

V1:VAC_RGA1500N_RGAGe4 018
— V1:VAC_RGA1500N_RGAGe4_028
F — V1:VAC_RGA1500N_RGAGe4 032
0% — V1:VAC_RGA1500N_RGAGed4_012

=)
)
T

B
?
>

©

¥
PBressurg (mbath

2

o
3

g

RGA 10,9; ressures at 1500W

— V1:VAC_RGA1500W_RGAGe4_002
— V1:VAC_RGA1500W_RGAGe4_014
— V1:VAC_RGA1500W_RGAGe4_016

RGA

V1:VAC_RGA1500W_RGAGe4_018

RGA — V1:VAC_RGA1500W_RGAGe4 028
5 — V1:VAC_RGA1500W_RGAGe4_032
O e Al ‘ h . ‘ ‘ ‘ — V1:VAG_RGA1500W_RGAGed4_012
= 10" 0600 07-00h 08-00h 09-00h 10-00h 11-00h 12-00h
@ﬂﬁ'f/H@ Start: GPS=1401621600 UTC=Jun 5 11:19:42 2024
I REARGA  © ® ~[ReAc ®
i L A X 11 Tt !
H»‘ ic: 2\ 4\ R \_i?&y_mTQ S \_||_| i ]
[
(() @ {@@9'{“}@ @EX w'@@?( D @ O @0 |—‘ jQG Aly @ 10
i
o¥ -12
@ 10 06-00h 07-00h 08-00h 09-00h 10-00h 11-00h 12-00h
2 Start: GPS=1401621600 UTC=Jun 5 11:19:42 2024
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YoQlibratiorf2 Q
checks? S |

Gauges are installed in a 'attached
chamber' (with a gate valvelPros:

easy maintenance; Cons: possible
iInfluence onmeasurements (even if
oF1TSR X X 0o
Gaugesreinitially Whecked? A,y I O
then left in-situ for years

A possiblel®heckK) -situyl point

with acalibrated leak of N2 (H2) and
a "knowrl' speed ata relativelyhigh
pressure ?



