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F G Ouraimmons Outgassing of materials E T Sescore

Outgassing

Specifications odel

Experimental Mechanical

data design, etc.
bl Vacuum B

model

Good vacuum level and estimation of the outgassing budget
— Essential for the good operation of the interferometer.

Outgassing / optical test
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FGOavmow  Outgassing of materials

Order of magnitude for diverse type of materials:

from10~1° to 107 mbar.l/s.cm? T
%Outgassing %
o
Q ? : .
Pressure = + P o 9
Pumping Speed 0 . Leaks  of o
Initial gas «c 0 . .
> o o A 'g
Pumping speed usually varies between 10 to few 1000 I/s. o . .
Except for cryogenics (that need large space + constraints). ° o O o
9, Process Back.
‘B @ load elo O f streaming
Importance of understanding and control outgassing within the K Lo *
vacuum chamber o
O
- Outgassing Budget - 15t step: outgassing database Outgassing — Source: Leybold
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Vacuum level: control the residual
pressure and identification the gas species
present in the tower.

Vacuum in ET Towers

The residual gas from
the tower affects the
deposition rate on the

The residual pressure can be estimated mirror (especially for

according to the pumping system (TMP, getter, LF interferometer) and

cryotraps, etc.). on the pressure on the
tube arms.

Procedure in collaboration with subsystems

that design the assemblies, to allow the Interfacgswith |
selection of materials fitting the vacuum cryogenic tO\(ver (inLF)
requirements. and cryogenic trap.

Cleaning and baking included.

lllustration of a
possible ET Tower
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Large vacuum chambers
hosting optical or
suspension devices,
delicate instruments.

E T‘EINSTE_IN
TELESCOPE

Vacuum in ET Towers

Not baked
Full of extra sensitive equipment
e Frequent venting

Transient mode after
venting, time to pump down
before  re-starting the
experiment.

e Noise effects due to residual pressure (damping, ...)
e Optical contamination

. Lower part: 10-° mbar e Qutgassing budget table of the tower/area of interest.
range. uer i e Calculating the outgassing contributions for different gases

. Upper part: 1077 mbar method
range.
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Outgassing of raw materials included — with their respective treatments - AISI 304L, PEEK, Copper, etc.

Main use with assemblies that are
inserted into the tower.

Proposed definition for: Low volatile
compound «Hydrocarbon» HC:

One principal treat is the non-volatile

compounds... their partial pressure must
be calculated. Sum of fragments > 45

ecodry_ult24h_10hRGA

——ecodry_ult24h_10hRGA

Background subtracted

During blank test the values of fragments > 45 is noted,
constant value. Then removed from the outgassing

| measurement of the test sample.

|

T e T T T Considering for each fragment the same
Outgassing measurement - Pump SenSitiVit dS N |t roen .
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FGO&  Outgassing Database tool RN T

Avalilable at (need a gitlab.et-gw.eu account).

https://apps.et-gw.eu/et_outgassing_db/

O com ponent Q Optical E Vacuum measurements

measurements

Optical Optical Test mbar-I/s Q _HC Preparation Installation Reference
check losses procedure (peaks (highlight) scenario
(ppm) Q_N2+O0THERS | Q_N2+0THERS Q_HC N>44) Tem perature
= i i (level>44) (m/z) (°C)

Manufacturer Main

material

50 OEE

Eaffle IFAE Pyralux Absolute 0.50 throughtput | 1.03e-8 5.43e-3 1.94e-5 3.31e-11 5.00e-13 IPA cleaning 70 After pre-baking, one day in a clean room Mirror IMC Instrumented
PCB£10-21 AR losses method 1S05. com partment Baffle, Ref. IFAE-
@LMA PCB#10-21
Al EN N.A. Al EN No throughtput = 4.86e-10  1.17e-10  1.17e-11 5.50e-14 Factory No Q_HZO : Q=Qo*t™-alpha, with Lawer NIST: DOI:
AW-6061 AW-5061 method Cleaning Qo=4.2e-3(Pa L 5-1 em-2) and alpha=1 com partment 10.1116/6.0000657
Fd AISI 316L N.A. AISI No throughtput = 8.684e2-11 2.43e-11  3.21e-12 5.10e-14 Factory No Vacuum fire process: 350°C for 24h Q_H20 Lower NIST: DOI:
Vacuum Fired 316L method Cleaning Q=0Qo*t"-zlpha, with Qo=3.30e-4(Pa L -1 compartment 10.1116/6.0000657

cm-2) and alpha=0.91

AISI 216L MLA. AISI Mo throughtput | 1.202-10 32.08e2-11  2.48e-12  1.00e-12 Factory No Q_HZ2 : conventional outgassing rate Q_H20 Lower NIST: DOI:
216L method Cleaning i Q=Qo*t"-zlpha, with Qo=7.25e-4(Pa Ls-1 compartment 10.1116/6.0000657
cm-2) and alpha=0.35

&

Fd AISI 204L MN.A, ALSI Mo throughtput = 2.68e-10  4.1%e-11  2.10e-12  1.00e-12 Factory Mo Q_HZ2 : conwventional outgassing rate Q_H20 Lower NIST: DOI:
204L method Cleaning i Q=Qo*t"-alpha, with Qo=7.00e-2(Pa Ls-1 compartment 10.1116/6.0000657
cm-2) and alpha=1.2
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EINSTEIN

E G OL{;HﬁE,!:rlrln?at:M OUtgaSSing Database tOOI E T‘TELE._E;{::DPE

*  H,O fluxes: https://apps.et-gw.eu/et_outgassing_db/

e short time (about 1 day),

e  Medium time (about 1 week),

Information about preparation and pre-
baking added to see the effect on the

* N, and other volatile compounds fluxes at medium term, outgassing.

* H, flux Help for choosing a manufacturing and
cleaning process.

e Long time (about 1 month),

* HC flux and/or species (hard to measure flux because of the high sticking
properties).

procedure {highlight)
Q H20 | Q@ H20 | Q_H20 Q HZ | Q _N2+OTHERS | Q N2+OTHERS Q_HC Temperature
S [ e T e
throughtput 6.20e-8 2.80e-8 5.20e-3 2.00e-10 59 Factory
method Cleaning
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https://apps.et-gw.eu/et_outgassing_db/

EGO& e Outgassing Database tool LR

https://apps.et-gw.eu/et outgassing db/

- measurements
SCendrn
For component installed close
_ Installation scenario will to the optics, assessing the
Mirrar have an importance on the contamination level and effect Abcolut .
compartment . . e elutE .
outgassing budget on optical losses is critical! losses
@LMA

All components to be inserted in the towers shall be tested on vacuum outgassing test.
The results of the test can then be inserted in the database.

All non-metallic materials shall be tested on thermal outgassing under vacuum.
Temperature and duration will depend on specifications and operating conditions of each component.
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Outgassing Database tool ET g

= Add measurement
O Component

Item...

Q_HZ0 @24H masrys)

Q_H20 @L00H (mzse-ys)
Q_H20 @1000H fmases)
Q_H2 pmzaryz
Q_N2Z+OTHERS @24H (maseis)

Q_N2+OTHERS @100H tms=-

Q_HC (level=44) rmoa-s

Q_HC (peaks N>44)

(m/z)imsaeas)

Preparation... W n

Pre-baking

Pre-baking done?

Notes

N, and other

We need your contribution on

gases expanding the database!

It is a dynamic and shared tool!

Proposed test activities:

e Data taken from literature following the ISO
20177 are accepted.

Water, “air” in thick polymers (> 3mm): ex.
PEEK.

Hydrophobic coatings: behaviour of water
or sticky gases during pump-down.

Hydrogen outgassing in metals.

test is available :

e Any comments and remarks to improve the
database or template are welcomed!

Process: Baking, Roughness, etc.

Correlation between the detected HC level
and optical losses.
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Methodology

Outgassing Budget

The outgassing budget is build for each compartment of the diverse tower types.

1. Material of the vacuum chamber itself,

2. Equipment added in the chamber (Payload, Suspensions, Optics, etc.):
Type and outgassing (raw material or full assembly tested),

— Restrictions on some high outgassing assemblies or materials.

- OQutgassing test report included into the database.

3. Compilation of outgassing fluxes (H,, H,O, N,, etc.),

4. Screening control when new equipment is added in the tower.
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Methodology — Databases are needed:

= Raw material outgassing (from tests or
literature)

= Qutgassing of assemblies (full objects, in-
house tests)

= BOM of inserted components with the
exposed surface

Outgassing Budget

If no budget

= Accepting too many elements,

= Medium / strong outgassing rate

The risk Is:

The result is an ultimate pressure elevation

and / or longer pumping time to acceptable

For an estimation of pressure in the vacuum
chamber, the installed pumping system with speed
wrt diverse gas shall be known.

pressure level.

Acceptable time to start the experiment wrt
pressure needs to be defined.
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Outgassing Budget - Example

The outgassing table is build by compiling outgassing databases with the BOM.

Sum of Sum of Sum of Sum of Sum of Sum of
mbar.l/s Outgassing_flow_ Outgassing_flow_ Outgassing_flow_H20_ Outgassing_flow_H20_ Outgassing_flow_H20_ Outgassing_flow_
HC H2 20h 100h 1000h N2+Other_100h

Cat.1 ~1E-08 ~3E-08 ~4E-04 ~1E-04 ~5E-05 ~1E-04
Cat.2 Negl. ~3E-07 ~1E-04 ~1E-05 ~7E-07 Negl.
Cat.3 Negl. ~2E-08 ~9E-05 ~1E-05 ~2E-06 ?

Grand ~1E-08 ~4E-07 ~6E-04 ~2E-04 ~5E-05 ?

Total

Synthesis of an outgassing budget table — Not all categories are shown

At present time: using an excel file for each outgassing table.
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Outgassing Budget - Example

Outgassingrate-  Outgassing rate-

Outg flow He | CUEFOw H20 10 o mow 20 20n  OUETOWHIO | e flow H20_s00n OUETOWHIO Outg flow N2 L g0 g OutEESingrate-total | mbarks  toral 300R
h 100h _300h 02_200h 20h mbar.l.s-1.cm-2 Loma b Lt e

Component_name M Categor/hd wateriol [ Exposed_Area crldl - | - - -] - -] - | ﬁ
anello-500-3 Allumiric EH Al-6062 251543
0520-0-1MaveFlate M3 'l Alluminia G051 T80 0.00E+00 2.41607 413607 2.41E08) 213608 105E08 0.006+00 355611 5.83E10) 5.84E11 147611
0525-0-1MaueFlare M2_lWl Alluminic G061 724.88 0.00E=00 5.48E07 4.23E07 2.48508) 223608 106E08 0.006:00) 3.55E11 5.83E-10) 5.84E11 147611 F r n m rt m n t
Biaffle-CITF~side -264 AISIFEL 2679.60 0.00E+00 7.41607 3.83E07 5.27608) 223608 116E08 0.00E+00) 268608 142E10) 170E11L 5.32E12 O O e C O p a e Y}
scherma-B Alluminio EN &'/-6052 3133.82 0.00E+00 9.42E07 47107 3.42E-08| 4.71E-08| 1.18E-08 0.00E+00 1.26E-10 1.50E-10| 1.50E-11 3.79E-12
scherma-E_MIR1 Alluminia EN Al-6062 3133.82 0.00E+00 5.42607 471E07 5.42608) 271608 118E08 0.006+00 126610 1.50E10) 150E11 3.73E12
anello-bobine-new Alluminia EN Al-6062 423268 0.00E:00 127E06 £.35E07 1.27E07 5.35608 155E08 0.006500) 183610 1.50E10) 150E11 3.73E12 E XA M P L E °
0814-0-1Bs=Plate M3 Wl Alluminic 5051 1215.33 0.00E+00 142606 7.09E07 142607 7.03E08) 177608 0.00E+00) £.68E1L 5.83E10) 5.84E11 147611 hd
0826-0-1BaszePlate M1_Wl Alluminio G061 1216.43 0.00E+00 1.42E-06 7.09E07 1.42607 7.09E-08| 1.78E-08 0.00E+00 6.69E-11 5.83E-10 5.84E-11 147E-11
0522-0-1Base Plate M2_/| Alluminic 6051 1230.43 0.00E+00 144606 717607 122607 7.17E08) 1.80E08 0.006400 677611 5.83E10) 5.84E11 147611
arecchia_2014 Yeto 50,66 0.00E=00 161606 8.07E07 151E07 2.07E08 2.07E09 0.008500) 0.008:00 1.00E02, 1.00E03 1.00E10)
arecchia_2014_MIRT Wetro 80.65 0.00E+00 1E1E06 B.07E07 151607 2.07E08, 2.07605) 0.006+00 0.00E+00) 1.00ED8| 1.00E08 1.00E-10) [ ] IVI O re t h a n 2 5 O
0515-0-1Pedestal M3 Alluminio 5051 20172 0.00E:00 2 35606 117608, 235607 117607 254608 0.00E+00) 111610 5 83E10) 584E11 147611
Mirror Safety 2015 Roma 1 AISIFIE L 734315 0.00E+00 2.03E-06 1.05E-06| 227807 1.18E07 3.17e08 0.00E+00 7.35E09 1.44E-10)| 1.70E-11 5.32E-12
0523-0-1Pedestal MZ_w| Alluminic G051 2042.02 0.00E=00 235608 113605 233607 113607 258608 0.008500) 112610 5.83E10 5.84E11 147611 H M
Diet-1 PEEK 159 318613 155607 138607 &.16E08 236608, 218608 213608 0.00E:00 113607 5.34E08 137608, CO l I I p O n e ntS I n C u I n g
marienetta-input-new PEEC B413.52 0.00E-00 233606 1.20E08) 2.80E07 135607 363608 0.00:00) 2.41609 142E10) 170E11 532612
Diet_OMNI000_DM400 AIS| 304 L AT25.55 0.00E+00 B.12E-06 3.30E-06| 4.08E07 1.65E-07 2.72E08 0.00E+00 9.73E09 3.40E-10| 1.80E-11 3.80E-12 .
culla-ticaniaS Titanic SE45.42 0.00E+00 3.43E06 1.14E-08| 3.48E07 1.75E-07 4.356-08 0.00E+00| 2.41E-10 1.18E-10| 1.81E11 4.54E-12 3 O a S Se m b I I e S
DISCO-BOEINE-INPUT Alluminia EN Al-6062 13420.01 0.00E:00 2.03608 ! i
sping\-orecc:\a - EEEE g gg 5.38E-13 3.306-07 Outgassing_flow_HC OutgdSSlm;af:‘ow_f
spingi-orecchia_f 5.38E-13 3.30E07
Tark-Flangia-2100 BS 304 L 1957341 0.00E400 Lozeus — K2 rvo_component B cotegor B2 - |
Fiing Veus 26048 h o 2 eoe0e] M PAY+FT braccic-pilota-INPUT g 5.47E-10 3. ° .
GAMBONI-NORD Alluminic EN Alw-B062 17406.91 0.00E-00 5.27E06 2.e1608] |MI PAY+F7 bobine-specchio-bs-IN 4 7.18E-11 4. l I I a t e r I a S
WAC-LNK-1265-2 AIS1304 L 26272.25 0.00E+00 2.19E05 8.91E05] |NI PAY+F7 guidall_MIR2 2 2.1BE-11 L
#zz_support PEEK. 721 1.44E-12 8.836-07 6.24807( |NI Walls Tin 1 0.00E+00 1.3]
PUNTE-PEEK PEEK 7.48 143612 5.14E07 6.26607[ | NI PAY+FT staffa-rotante 2 163E-11 1.0
Prart-24-window glass Wetro 749,91 0.00E-00 150E05 7.50608 |1 PAY<FT Piattina2 1 161E-11 3
punta-pesk-specchio PEEK 361 150612 118E06 833607| |y, PAYZFT e B 154611 o,
Azsi-blocca-fili PEEK. 337 1.99E-12 1.22E-06 8.64E-07 NI PAY+FT Piattinal 1 1.22E-11 7.
EiaffleTCS_Past Vetra 100160 0.00E+00 2.00E05 1.00E05)
Piastra-2400 PEET 10384,00 0.00E+00 517606 372608] U RAYH) Bl A men i Z e 2
WAC-LIK-1262-2 IS/ 304 L 6837473 0.00E400 571605 232608 |M! PAYFT guidall 1 109E-11 5.
Tank-Flangia-Inferiore AIS1 304 L 23337.00 0.00E+00 2 45605 997606 NI PAY+F7 ASS-Mirror-Fibers 1 0.00E+00 &
OTTICA BT 1217.37 0.00E:00 2.43605 1.22e05| NI TGS OTTICA 3 0.00E+DO 7.3
antiribahamenta PEEK 28.20 5.64E12 3.46E06 2.24E08] |NI PAY=FT7 PUNTE-PEEK 3 8.95E-12 5.4
S m— T — e T TTE—r—— : seris - Components can be
antiribaltamenta_MIR1 PEEK 28.20 5.64E-12 3.46E-06 2 .44E-06| NI PAY+F7 staffa-rotante-RH 1 B31E-12 5.
CP-Mimar Vetro Z306.55 0.00E400 261605 231608[ [y, PAYSFT Resi-blocca-fili 2 78812 2 . o . .
staffa-ratanie - matare PEEK 38,64 77712 276508 3.37E05)
B e . o ———— ; 173 : classified into categories
stafta-rotante-AH PEEK 4157 831612 5.05E06 3 60E-05, 1E1E06 1.14E-08) 5.70E07 1.08E-05) 0.00E:00 113607 534608 137608
AS5-Minor-Fibers etro 4352.01 0.00E+00 B8.70E-05 4.35E-05 B.70E-06| 4.35E-06 43507 0.00E+00 0.00E+0D| 1.00E-08| 1.00E-09 1.00E-10|
quidall_MRZ PEEK 54.58 109611 6.65E-06 4.73E-06] 211606 1.50E08) 7.43607 1.42E08) 0.008:00 113607 534608 137608 S u C h a S °
quidal PEEK 54.58 109E11 £.65E06 273608, 212606 1.50E05, 7.48607 142605, 0.006:00 113607 5.34E08 137608, hd
Pliattinal PEEK. F105 1 E-11 ARF.NR & AF.0R] 2 RTFOR] 1 ETEDR FF- 1 S9E.0F JE-+00) | 11307 5 24F.08 1 E-N8 |

Part of the outgassing budget table — Example lower compartment Virgo Tower WI BladeS, Magnets, COHS,
Filters, etc.
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I EXAMPLE - DASHBOARD - NI TOWER - LOWER COMPARTMENT

Outgassing Budget - Example

Outgassing flow - mbar.l/s
1.00E-03

1.00E-04 -
1.00E-05 -
1.00E-06 -
1.00E-07 -
1.00E-08 -

1.00E-09
PAY+F7

Sum of Outgassing_H20_10h Sum of Outgassing_H20_100h Sum of Outgassing_H20_1000h
Sum of Outgassing_H2 Sum of Outgassing_N2+Other_100h Sum of Outgassing_HC

Pressure [mbar] - 10h / 100h / 1000h - ESTIMATION : - 3D model - Surface of materials [cm2]
Conventional estimation, as

usual (P=Q/S).

Large organics: HC = sum of >
44 amu/z peaks (43 is acetone,
45 and 41,43 alcool)

Pumping speed, taken as
average in the central area:
10000 |/s for H20 and HC, and
2000 /s for H2.

Flows in MBAR.L/S
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The outgassing budget table depends entirely on the quality of the inputs:
Outgassing database and BOM.

Outgassing Budget

. The Bill of Material shall be updated when maintenances are done.

. Outgassing flows on sticky gases, such as H,O and HC are complicated to estimate.

Nevertheless it is a powerful tool to manage the vacuum quality on the
system.
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Coil being tested

No correlation
between the
detected HC level

Outgassing Tests E T fissecse

. New bench for measuring H, outgassing by accumulation
. H,0 and other gases by the throughput method.

05-
2021\config. 200amu 1 acquisizione al minuto, Position
1, RGA MPH200M 70081095, 003-05-2021 15'14'45.isi

and optical losses

J. Gargiulo, VAC team, EGO

| |m ||| || i, |
17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79

Contaminated chamber Vacuum laboratory section

GWDVac'22, Elba — 30th September 2022 18
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‘Throughput method’

Q = C* (P,-P,)

Thermal degassing

cycles,
HC level measurments

(at different temperatures)

J. Gargiulo, VAC team, EGO

Outgassing Tests

T
vH“'rl‘ f“l\l"w l

U0 |
1R

GWDVac'22, Elba — 30th September 2022
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"Accumulation”

method
(rate-of-rise)

Use of RGA to analyse
accumulated gases

s: sensitivity factor for the
considered gas

19



FGO@iew  Optical | Contamination  [TRNFFG
Aspects

The contamination is measured in the traditional way:
Usual Absorption bench using photothermal deflection
technigue @1064 nm.

e QOptical measurement:

Information about degradation of the
optical performances due to exposition
under vacuum.

This method is very effective but takes time and skilled
people to perform it.

Goal: Investigating new ways to analyse contamination,
understand the condensate nature on the surface.

A quantitative estimate of the acceptable deposit (now
done conventionally) needs to be defined.

Viewing factor between test mirror and material under
test may be relevant.
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Collaborative Aspects

. The database is a shared tool

Contributions can drive the choice of materials

Link with subsystems for the heat treatment and cleaning '. . '\\_\;
processes ‘

. Outgassing tests K

Diverse raw materials, treated materials, chambers and
assemblies to test...

Long tests and little availability: mutualisation of the tests.

Arm pipe module test - Virgo
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