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Outgassing of  materials
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Good vacuum level and estimation of the outgassing budget 
 Essential for the good operation of the interferometer.

Vacuum 
model

Experimental
data

Specifications
Outgassing

model

Mechanical
design, etc.
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Outgassing / optical test



Outgassing of  materials

● Order of magnitude for diverse type of materials: 

from 10−15 𝑡𝑜 10−6 Τ𝑚𝑏𝑎𝑟. 𝑙 𝑠. 𝑐𝑚2

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =
𝑄

𝑃𝑢𝑚𝑝𝑖𝑛𝑔 𝑆𝑝𝑒𝑒𝑑
+ 𝑃0

● Pumping speed usually varies between 10 to few 1000 l/s. 

Except for cryogenics (that need large space + constraints).

● Importance of understanding and control outgassing within the 

vacuum chamber 

 Outgassing Budget  1st step: outgassing database
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Outgassing – Source: Leybold 



Vacuum in ET Towers

The residual gas from 

the tower affects the 

deposition rate on the 

mirror (especially for 

LF interferometer) and 

on the pressure on the 

tube arms.

Interfaces with 

cryogenic tower (in LF) 

and cryogenic trap.
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Vacuum level: control the residual
pressure and identification the gas species
present in the tower.

The residual pressure can be estimated
according to the pumping system (TMP, getter,
cryotraps, etc.).

Procedure in collaboration with subsystems
that design the assemblies, to allow the
selection of materials fitting the vacuum
requirements.
Cleaning and baking included.

Illustration of a 
possible ET Tower



Vacuum in ET Towers

Large vacuum chambers
hosting optical or
suspension devices,
delicate instruments.

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

● Lower part: 10-9 mbar
range.

● Upper part: 10-7 mbar
range.
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Fact

• Not baked

• Full of extra sensitive equipment

• Frequent venting

Difficulty

• Noise effects due to residual pressure (damping, …)

• Optical contamination

Approach 
method

• Outgassing budget table of the tower/area of interest.

• Calculating the outgassing contributions for different gases 



Outgassing Database tool
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Outgassing of raw materials included – with their respective treatments - AISI 304L, PEEK, Copper, etc.

One principal treat is the non-volatile 
compounds… their partial pressure must 

be calculated. Sum of fragments > 45

Background subtracted 
During blank test the values of fragments > 45 is noted, 

constant value. Then removed from the outgassing 
measurement of the test sample.

Considering for each fragment the same 
sensitivity as Nitrogen.

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

Main use with assemblies that are 
inserted into the tower.

Outgassing measurement - Pump
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Outgassing Database tool

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

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

https://apps.et-gw.eu/et_outgassing_db/
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Outgassing Database tool

https://apps.et-gw.eu/et_outgassing_db/• H2O fluxes:

• short time (about 1 day), 

• Medium time (about 1 week), 

• Long time (about 1 month), 

• N2 and other volatile compounds fluxes at medium term, 

• H2 flux 

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

Information about preparation and pre-
baking added to see the effect on the 
outgassing.
Help for choosing a manufacturing and 
cleaning process.

https://apps.et-gw.eu/et_outgassing_db/
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Outgassing Database tool

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

For component installed close 
to the optics, assessing the 
contamination level and effect 
on optical losses is critical!

Installation scenario will 
have an importance on the 
outgassing budget

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. 

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


Outgassing Database tool

Proposed test activities:

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

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

● Hydrogen outgassing in metals.

● Process: Baking, Roughness, etc.

● Correlation between the detected HC level 
and optical losses.
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H2O
N2 and other 

gases
H2
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We need your contribution on 
expanding the database!

It is a dynamic and shared tool!

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

A template for reporting outgassing
test is available : ISB-VC-0039

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

https://wiki.et-gw.eu/pub/ISB/Vacuum_Cryogenics/ISBVaccuumCryogenicsDocuments/ISB-VC-0039.docx


Outgassing Budget

Methodology

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.

– Outgassing test report included into the database.

3. Compilation of outgassing fluxes (H2, H2O, N2, etc.),

4. Screening control when new equipment is added in the tower.
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Outgassing Budget

Methodology – Databases are needed:

 Raw material outgassing (from tests or 

literature)

 Outgassing of assemblies (full objects, in-

house tests)

 BOM of inserted components with the 

exposed surface
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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 

pressure level.

Acceptable time to start the experiment wrt

pressure needs to be defined.
For an estimation of pressure in the vacuum 

chamber, the installed pumping system with speed 
wrt diverse gas shall be known.



Outgassing Budget - Example

The outgassing table is build by compiling outgassing databases with the BOM.
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At present time: using an excel file for each outgassing table.

mbar.l/s
Sum of 

Outgassing_flow_ 
HC

Sum of 
Outgassing_flow_

H2

Sum of 
Outgassing_flow_H2O_

20h

Sum of 
Outgassing_flow_H2O_

100h

Sum of 
Outgassing_flow_H2O_

1000h

Sum of 
Outgassing_flow_
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 
Total

∼1E-08 ∼4E-07 ∼6E-04 ∼2E-04 ∼5E-05 ?

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



Outgassing Budget - Example
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Part of the outgassing budget table – Example lower compartment Virgo Tower WI

For one compartment, 
EXAMPLE:

• More than 250 
components (including 
30 assemblies)

• 20 materials

Components can be 
classified into categories 
such as:

Blades, Magnets, Coils, 
Filters, etc.



Outgassing Budget - Example
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The outgassing budget table depends entirely on the quality of the inputs:

Outgassing database and BOM.

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

● Outgassing flows on sticky gases, such as H2O and HC are complicated to estimate.

Nevertheless it is a powerful tool to manage the vacuum quality on the

system.
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Outgassing Budget



Outgassing Tests
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● New bench for measuring H2 outgassing by accumulation

● H2O and other gases by the throughput method.

Vacuum laboratory section

J. Gargiulo, VAC team, EGO

No correlation 
between the 

detected HC level 
and optical losses

Coil being tested

Contaminated chamber



Outgassing Tests
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‘Throughput method’

𝑄 = C * (P1-P2)

Thermal degassing
cycles, 

HC level measurments
(at different temperatures)

𝑞𝑎𝑐𝑐 = 𝑆𝑒𝑓𝑓 න
𝑡1

𝑡2 𝐼

𝑠
𝑑𝑡

Use of RGA to analyse 
accumulated gases

”Accumulation” 

method 

(rate-of-rise)

s: sensitivity factor for the 
considered gas 



Optical / Contamination 

Aspects

The contamination is measured in the traditional way: 

Usual Absorption bench using photothermal deflection 

technique @1064 nm.

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.
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• Optical measurement:
Information about degradation of the 

optical performances due to exposition 
under vacuum.

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



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

● Diverse raw materials, treated materials, chambers and 

assemblies to test…

● Long tests and little availability: mutualisation of the tests.
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Arm pipe module test - Virgo
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