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Workshop Goals

•  Review of the status
•  Build plans for the future
•  Three sections

–  Beam based accelerators
–  Plasma based accelerators
–  Lasers
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General Point of View of a Beam Physicist
•  Three major trusts 

–  Standard linacs (based on cavities with metallic walls)
–  Dielectric accelerating structures (smooth or corrugated 

structures)
–  Plasma based accelerators (laser and beam excited) 

•  From general point of view all structures have a lot common 
•  Longitudinal and transverse short range wakes are closely related

•  For a single bunch acceleration it relates the energy efficiency and 
energy spread – BNS is required for transverse stability
–  For CLIC and ILC it is achieved by using many bunches 
–  Each bunch takes only small fraction of energy stored in the 

cavity. Energy is replenished to the next bunch arrival 
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Limitations on Efficiency of Single Bunch Acceleration
•  High efficiency acceleration requires the beam deceleration 

due to longitudinal wake being comparable to accelerating field 
(QW|| ~E0/2) and the bunch length close to a quarter of wave 
length (Lb~λ/4)

•  Then for bunch displaced by Δx the deflecting field at the 
bunch end  is

•  “Defocusing“ due to wake has to be compensated by focusing. 
–  External focusing cannot do it for short wave length and high 

accelerating gradients: for E0=1 GeV/m and λ=1 mm => E⊥/x~7∙103 T/m 
– at least an order of magnitude larger than present state of the art

–  Strong focusing is supported by plasma ions in plasma accelerators
–  Can be created in a dielectric-based accelerator by corrugations with 

broken axial symmetry
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Transverse Beam stability
•  BNS is required to stabilize beam transversely
•  There are two possibilities

–  Introduction of energy droop to the bunch tail to avoid  betatron 
tune spread along the bunch
•  Requires too large momentum spread for a single bunch 

acceleration with high efficiency
–  Time dependent focusing

•  Potentially possible in corrugated  dielectric structures  
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View of Enthusiastic Plasma Collider Folks
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Deduced	  parameters: γ=6·∙104,	  E=32	  GeV,	  ΔE=[-‐2.5,	  +5]GeV	  



View of Enthusiastic Plasma Collider Folks (continue)
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Conclusions
•  Presently presented single bunch colliders cannot support 

high efficiency acceleration and are not competitive to CLIC 
or ILC technology

•  Colliders based on the dielectric based strictures with multiple 
bunches look as a possibility
–  However in practical conditions they do not promise 

accelerating gradients much higher than the already achieved 
gradients in a metallic structure (250 MeV/m - SLAC)   

•  Plasma based linac cannot accelerate bright positron 
bunches => e+e- collider does not look feasible 
–  Plasma acceleration can support γγ collider with moderate 

luminosity and efficiency  
•  Interesting workshop, a lot if interesting physics 

–   but it did not change our understanding of collider feasibility

2/18/16Valeri Lebedev | Plasma-Based Accelerator Concepts for Colliders18


