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Introduction 

Vacuum baseline: 

VACUUM VALIDATION  LHC BEAM VACUUM INSTALLATION 

Measure and verification of vacuum performance 
• Functionality 

• Leak tightness 

• Outgassing rate 

• Residual Gas Analysis 

• Leak tightness 

• Functionality 

Parts tested 

 Instruments: TCTP collimators, MKI, Roman pots,…etc. 

 Gauges, valves, VPI, NEG cartridge…etc. 
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Before bake out cycle 

After bake out cycle 



Vacuum validation process overview 

Coordination: G. Cattenoz 

Scheduling (proc.,installation) 

 

Laboratory work (LBV) 

• Reception + preparation  

• Bake-out cycle 

• Tests and validation 

 

Official reporting EDMS + 

LBV section web site 
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Examples of tested parts 
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Examples of tested parts 
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Beam vacuum consideration  

• Pressure requirements:  

 LHC: Pmax ≈ 10-8 mbar - 100h beam life time operation 

 Experiments: 10-10/10-11 mbar  - reduced background 

• Pumping characteristics 

 Room temperature vacuum sectors  

  VPI: every 28m - CH4  

  NEG: coating/strip/cartridge - H2, CO, CO2 

 Arcs and standalone: Cryo-pumping  

 

Rely on NEG pumping  Localized outgassing rate: Need of 

controlled quantity and nature of residual species after bake out. 
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RGA acceptation criteria 1/2 

Based on collimator specifications (EDMS 1113402) 

• Maximum total outgassing rate of 2.10-7 mbar.l/s after bake out 

• Presence of known residual gas in well-defined limits 

 

Why?  
• Control absence of contaminants + air leaks 

• Verify partial pressure composition after bake out 

 

How? 
• RGA currents normalized to H2: Gas not affecting the NEG performances 

• Acceptation limits template applied to normalized RGA currents 
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Affect vacuum 

performance 
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RGA acceptation criteria 2/2 
Normalised RGA currents to H2 with defined acceptance limits 
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H2 

CH4/H2O CO 

CO2 

Affect NEG pumping 

capacity 

High mass 

48h00 at R.T. 

after bake-out 



How to achieve vacuum performance? 
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1. UHV clean, vacuum treated parts 

2. Tested/known sub-components 

3. Test bench zero reference 

4. Controlled bake-out: 

Instrumentation, cold point, cycle 

Vacuum-fired ferrite (TT2-

111R / Transtech) 

@1000°C/24h00   

 TCTP + XRPT  



Internal outgassing rate measurement 1/2 
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Internal outgassing rate measurement 2/2 

Procedure could be applied in case of active NEG present in the system 
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H2, CO: Stable  

CO 

CH4 

Ar 
Total outgassing rate quantification:  

(G. Bregliozzi – «Procedure for the 

leak detection of an LSS vacuum 

sector after NEG activation”) 

       Q= (P x V)/ t 

 Pressure rise (total - SVT) 

 Volume accumulated 

 time accumulate (10min) 

2. Argon  outgassing : Contribution 

ratio (RGA current spectra) 

3. Air equivalent internal leak rate 

estimation 

H2 

Ar increase 

Q[air_eq.]<5.10-9 mbar.l/s  correspond to ≈ 1 m saturated NEG (80mm D.) every 150 days 

Stop 

VPI 

CH4: Increase 



Example XRPT stations 
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Example XRPT stations: Critical bake-out 
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XRPTs 6R5.B1 after bake-out: 
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Example XRPT stations: Leak on BPM 
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Conclusions 

• All parts tested before installation  

  RESPECTED  BASELINE 

 

• Overall 1200 parts tested 

 

 

 

 

• About 5% non conformity: 

TCSP, BQSV.5R4, BWS.5R4, TDI blocs, insert, VPIAN) 
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Non-conformities 

distribution 

Equipment XRPT TCTP BTV VVS_MKI 

Q_TOT measured 

[mbar.l/s] 
2.0.10-8 3.0.10-8 4.0.10-9 1.5.10-8 



Outlook 
 General: 

• Put in place tool for identification of components at reception 

• Use of EDMS for report results acknowledgement 

• Take part in the design/prototyping/fabrication phases 

 

 Measures: 

• Review acceptance criteria 

• Carry out sub-assembly test of complex system 

• Regular zero measurement of test bench 

• Recurrent RGA calibration 
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Thank you for your attention. 

 

  

 Questions and feedback. 
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