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Talks 

Alexander Kaukher: Beam loss mechanisms in FLASH/DESY 

Helmut Burkhardt: Halo formation and losses in CLIC 

Frank Tecker: Beam loss experience from CTF3 

Lauretta Ponce: Beam loss mechanisms : observation from the LHC 

Andrea Latina: Overview of Failure Mode Studies for ILC and CLIC 

Carlos Omar Maidana Failure studies at CLIC main Linac and Beam 
Delivery System 

Marc Ross: Beam Loss Mechanisms and Mitigation at SLC 



Failure Induced Beam Loss 

• Dramatic examples 
– Wrong timing/failure of LHC injection kicker 
– Wrong beam phase at ILC main linac injection leads to large loss 
– Failure of a drive beam sector can lead to CLIC beam lost in main 

linac 

• Other potentially important effects 
– Transverse deflection by RF breakdown in CLIC main linac seems 

no problem 
– Also no major problem in decelerator 
– Magnet failure in decelerator, OK for single failure 
– Octopole failure in LHC, caught by beam loss detection 

• Extensive studies are required 
– To identify the sources 
– To mitigate the failure or their impact 
– But residual problem may exist 



A. Latina 

Need to avoid injection at wrong phase 



Worst kick from 40keV is 20% of collimation aperture 
 
But large orbit variation 



Physics Induced Beam Loss 

• Beam gas scattering 
– Can be calculated (QED) 

– Implemented in tracking code so can determine losses 

• Black body radiation scattering 
– Can be calculated (QED) 

– Should be implemented in code 

 

• Still some surprises 
– Collimation system produces most of the tail that it is 

supposed to remove 

– But still necessary 
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Losses of Parasitic Beam 

• Examples 
– LHC injection leads to loss of uncaptured beam 

– Dark current in FLASH/linear colliders 

– Satellite bunches in CTF3 

• Level of predictability 
– Varies depending on the source 

• Mitigation 
– Minimisation of source 

– Collimation, masks 

– Kickers 



Dark current mainly from gun 
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Mitigation of Equipment Failure 

• E.g. Radiation induced equipment failure 

• Try to minimise 

– Failure rate 

– Failure impact 

• At LHC can nicely predict failure rate 
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Transient Effects 

• Changes of transfer lines in LHC pose a problem 
• FLASH pulse shortening can lead to loss of dark current 
• Transients pose a problem to recover from trips in FLASH 
• Safe beam to avoid transients as much as possible 

– But not fully possible 
– E.g. main linac with multi-bunch beam loading 

• Lessons try to minimise transient effects 
– Minimise difference between operation with different beams 
– Important for ramp-up 
– Safe beam/pilot beam 
– Slow changes of the machine 
– Anticipation of secondary changes 
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Losses caused by small damping ring instability 
-> deformed phase space 
-> losses in bunch compressor 
-> variation of beam loading in linac 
-> change of orbit 
-> loss in collimation system 
-> MPS stops beam 
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Integrated studies are essential 
-> inclusion of relevant phenomena 
-> correct modeling of different phenomena 
 
Obviously more easily said then done 



Tracking Tools 

• Modeling of the machines is essential 
– Combined effect of different parts of the machine, e.g. damping 

ring, bunch compressor and linac 

• Codes are available 
– Benchmarked with other codes for the tracking part 

• Some loss generation is included 
• Main challenge is to have correct models for different 

components 
– E.g. Wakefields 
– Imperfections 
– Vacuum level 
– Surface effects (electron cloud, …) 
– … 

• Large efforts have been made to verify models 
– But not always possible 
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But still something unexpected may happen 



Conclusion 

• Many effects are fundamentally similar 
– Often understand effects 
– But not all 

• Lessons learned are often similar 
– Transients are critical 
– Integrated studies are essential 
– Rates of failures 
– Sources of losses 
– … 

• Need modeling tools 
– Main issue is the proper model for the reality 

• Expect the unexpected 
 

• Very useful workshop 
– Should have some follow-up 

 


