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Course Programme 
 
1. Introduction 

 
2. The gas sources in beam vacuum: 

a. Some definitions, units and orders of magnitude 
b. Measurement of outgassing rate 
c. Outgassing rate of metals 
d. Degassing induced by particle beams 

 
3. Pumps for particle accelerators: 

a. Momentum transfer pumps 
b. Turbomolecular pumps 
c. Capture pumps 

 
4. Vacuum instrumentation for accelerators 

a. Thermal conductivity gauges 
b. Ionization gauges 
c. Residual gas analysers 

 
 



Tutorial 
 

1. Gas Flow, Conductance, Pressure Profile: Fundamentals of Vacuum 
Technology for Accelerators 
 

2. Case Study: Comparison Between LHC and ESRF Synchrotron Radiation 
Power, Fluxes and Spectra and Related Effects on Their Vacuum Systems 
 

3. One or Two Things That Can Go Wrong With Your Vacuum System: 
Examples of Vacuum Accidents at Accelerators 



Medium Vacuum: 10-3 to 10-6 Torr 
 
High Vacuum: 10-6 to 10-9 Torr 
 
Ultra High Vacuum: 10-9 to 10-12 Torr 
 
Extreme Vacuum: lower than 10-12 Torr 
 



INTRODUCTION 



















THE GAS SOURCE 
IN BEAM VACUUM 



OUTGASSING 





































































BEAM INDUCED DEGASSING 

















Following the electron impingement: 
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Beam cleaning during the first period of LEP 

O. Gröbner. Vacuum 43 (1992) 27-30 O. Gröbner et al. J.Vac.Sci. 12(3), 
May/Jun 1994, 846-853 

Cu baked at 150°C 
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First documented pressure bump in the ISR  
E. Fischer/O. Gröbner/E. Jones  18/11/1970 
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N2 pumping speeds: 
Varian starcell 

DN S [ l s-1] 
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LEP vacuum chamber cross section 

















NEG thin film coatings 
 

Paolo Chiggiato 

... where the NEG film was born in 1996! 

http://user.web.cern.ch/User/Welcome.html


How a pumping vacuum chamber can be obtained: 
 
…by sputter coating its inner wall with a non-evaporable getter 
film before the installation in the accelerator. 

Electron Beam 

Cooling and Heating channels NEG coating 

http://user.web.cern.ch/User/Welcome.html


Getters are materials capable of chemically adsorbing gas 
molecules. To do so they need to be activated 

NEGs pump most of the gas except rare gases and methane at 
room temperature  

Heating in vacuum  
Oxide dissolution -> activation 

T = Ta 

T = RT 

Native oxide layer Reactive metalic surface 

T = RT 

No pumping, high SEY 
High desorption rates 

Pumping, low SEY, 
low desorption rates 

http://user.web.cern.ch/User/Welcome.html


The activation temperature has to be compatible with the 
substrate materials: 

 

St. steel < 400 °C 

Copper alloys < 250°C 

Aluminum alloys < 200 °C 

Lowest activation temperature found up to now: 

180 °C  

(24 hours heating in vacuum) 

in a large range of composition in the Ti-Zr-V system 

http://user.web.cern.ch/User/Welcome.html


Ti 

Zr V 

Crystallites size: 
 > 100 nm 
    + <  5 nm 

Low activation  

temperature 

http://user.web.cern.ch/User/Welcome.html




TiZrV/Al 

 
 

TiZrV on rough copper: Cu6 



 



TiZrV on smooth copper, substrate 
temperature: 250 ºC 



 Role of the substrate material on the activation process and 
on the film morphology. 

Glass  
Stainless steel 
Copper 
Aluminium 
Glidcop 
Beryllium 
Al-Be 

Substrates studied 

Does not affect the film crystallinity 

Does not affect the activation 
process 

Affects the film morphology 

TiZrV/St.St. TiZrV/Smooth Cu 

TiZrV/Glidcop. 
TiZrV/Al 

http://user.web.cern.ch/User/Welcome.html


 Influence of the substrate temperature during coating. 

Influence of the substrate 
temperature 

On film crystallinity:  
increased grain size for T≥ 300°C 

20 25 30 35 40 45 50

In
te

n
si

ty
 [

co
u
n
ts

 -
 a

rb
it
ra

ry
]

2 scale [degrees]

100 C

200 C

250 C

300 C

350 C

Substrate

coating

temperature

Coating
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Substrate

peaks250 °C is the highest substrate 

temperature at which a grain 
size below the threshold 
value of 5 nm is still 
preserved. 
For T>300°C the activation 

process is delayed 

http://user.web.cern.ch/User/Welcome.html


 Influence of the substrate temperature during coating. 

 

 

300°C 
 

250°C 
 

200°C 
 

1 m 

100°C 
 

150°C 
 

350°C 
 

Influence of the substrate 
temperature 

On film morphology:  
increased roughness for T> 200°C 

http://user.web.cern.ch/User/Welcome.html


 Functional properties: 

Large and uniformly distributed pumping speed for most of the 
residual gases: ≈0.5 l s-1cm-2 for H2 and ≈5 l s-1cm-2 for CO . 

 
Monolayer surface capacity for CO (about 1015 molecules cm-2). 

 
Photon and electron desorption yields lower than those for standard 
vacuum materials. 

 
Extremely low CH4 and Kr outgassing rate: ≤10-17 Torr l s-1cm-2 (Kr 
desorption energy = 21±1 Kcal mol-1) 

 
Typical initial H content of the order of 10-3 at. fraction. Dissociation 
pressure negligible at room temperature; 10-10 Torr at 180°C, 10-8 
Torr at 250°C. 

 
Safe H charging limit at room temperature: 10 Torr l g-1 (≈ 2x1017 
H2 molecules cm-2 m-1 ).  
 
Low SEY (≈1.1 at peak value) 
 
 

http://user.web.cern.ch/User/Welcome.html
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TiZrV functional properties: pumping speed  
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TiZrV functional properties: secondary electron yield 

SEY versus PE energy of the TiZrV NEG 

coating:  

as received and after 2h heating at 120, 

160, 200, 250  and 300 °C. 

Influence of CO exposure on the SEY of a 

TiZrV coating activated 2 h at 300 °C and 

cooled at 60°C before CO exposure 

http://user.web.cern.ch/User/Welcome.html
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TiZrV: synchrotron radiation induced 

desorption 

SIP SIP SP

Gate Valve

Turbomolecular  
pumping group

PG

PG

BAG

PG BAG

QMAFront-End Slits  
and Absorber

Conductance Diaphragm

PG : Penning Gauge 
BAG : Bayard-Alpert Gauge 
QMA : Quadrupole Masss Analyser 
SIP : Sputter Ion Pump 
SP : Sublimation Pump

Water or liquid nitrogen 
 cooling circuit

NEG-coated chamber

Angle of incidence = 25 

mrad 
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TiZrV: synchrotron radiation induced 

desorption 
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 Performances deterioration: 

 The pumping speed shows a gradual decrease after each venting-
activation cycle. 

 

 The decrease of performance depends on the heating temperature; 
higher the temperature, lower the loss. For a heating cycle of 200°C x 

24h, for the first 10 cycles, in the worst case: 

 

 

  

 When the activation cycle is carried out at temperatures lower than 
250°C, pumping speed can be partially recovered by increasing the 

heating temperature. 

 

 The loss of performance recorded along the first 10 cycles does not 
depend on the thickness of the film, for thickness higher than 0.25 
m. 

n
SH

1
2 

http://user.web.cern.ch/User/Welcome.html


About 1 Kg of Ti-Zr-V is spread over the LHC to coat about 
1200 vacuum chambers of roughly 6 Km of long straight 

section beam pipe.  

http://user.web.cern.ch/User/Welcome.html


A dedicated coating facility is available at CERN since 2004: 
 
 3 independent magnetron sputtering systems 

 
 maximum length: 7.5 m; maximum diameter: 60 cm 

 
 maximum production rate: 20 chambers per week. 

http://user.web.cern.ch/User/Welcome.html


3mm wires 
of Ti, Zr and 

V 

http://user.web.cern.ch/User/Welcome.html
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Dipole cold bore at 1.9 K
Dia. 50/53 mm

Beam screen

5 - 20 K
Dia. 46.4/48.5 mm

Cooling tubes

Dia. 3.7/4.8 mm

Photons

Hole
pumping

Wall

pumping
Desorbed 
molecules

Electrons 

stripes
3
6
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X 25 

X 10 000 



Capacity : 

– 1018 H2/cm2 at 6 K 

– 1017 H2/cm2 at 30 K 

H2 Adsorption Isotherm on Cryosorbers 
Woven carbon fiber developed by BINP 

Capacity 



VACUUM INSTRUMENTATION 
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