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ABSTRACT 
Microbunching instability (MBI) has been a challenging issue in high-brightness electron beam transport for modern accelerators. Our Vlasov analysis of MBI is based on single-pass configuration. For multi-pass 
recirculation or a long beamline, the intuitive argument of quantifying MBI by successive multiplication of individual MBI gains was found to underestimate the effect. More thorough analyses based on 
concatenation of gain matrices aimed to combine both density and energy modulations for a general beamline. Yet, quantification still focuses on characterizing longitudinal phase space; microbunching structures 
residing in (x,z) or (x’,z) was observed in particle tracking simulation. Inclusion of such cross-plane microbunching structures in Vlasov analysis shall be a crucial step to systematically characterize MBI for a 
beamline complex in terms of concatenating individual beamline segments. We derived a semi-analytical formulation to include the microbunching structures in longitudinal and transverse phase spaces. Using these 
generalized formulas, we studied an example lattice and found the microbunching gains calculated from multiplication of concatenated gain matrices can be considered as upper limit to the start-to-end gains. 

 

I. INTRODUCTION 
 
Ø  Intuitive argument:                                                    found to be under-estimated 

 
Ø  Start-to-end simulation is necessary but time consuming for particle tracking  
      (also for Vlasov simulation). Possible middle-road solution might be desired 
Ø  Need more aspects of quantitative phase-space description 
Ø  Concept of gain matrix 
 

II. THEORY 
u Theoretical formulations follow Refs. [1, 2] and are continuation of Ref. [3]. 
u Consider the small phase-space perturbation 
  
 
 
u During collective-force kick 

u Consider four types of microbunching 

u Governing equations 

V. SUMMARY 
    

In this poster we derived a set of governing equations for microbunching in different dimensions, including density, 
energy, and transverse-longitudinal modulations, and apply to an example of recirculating machine. The Vlasov solutions 
and tracking simulations agree qualitatively with each other. Although the Vlasov results from concatenated sections do 
not match well with those obtained directly from very beginning (start-to-end),            gives upper limit for the 
modulation spectra. In addition, the extended formulations can give us further insights on how upstream beamline sections 
can accumulate density, energy modulation, and/or transverse-longitudinal microbunching, when the full-ring lattice is not 
provided. 
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 III. EXAMPLE: Recirculating IBS ring [4] 

Ø  Consider 

Ø  Compare microbunching gains for the following cases: 
     (i) start-to-end case, with initial density modulation, V(0) = [1 0 0 0]T; 
     (ii) start-to-end case, with initial energy modulation, V(0) = [0 1 0 0]T; 
     (iii) mid-to-end case, the initial condition to S2 takes the value at the exit of ARC1, V(S2) = [b(k) p(k)  
            ax(k) ax’(k)]T for case (i) and (ii), based on the present 4-d theory; 
     (iv) mid-to-end case, the initial condition to S2 takes the value at the exit of ARC1, V(S2) = [b(k) p(k)]T  

                  for case (i) and (ii), based on 2-d theory; 

Ø  Define 

 
 
  IV. RESULTS 
     with initial density modulation 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  

     with initial energy modulation 
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Name Example 3 Unit 
beam energy 150 MeV 
chirp 4 m-1 

bunch current (peak) 60 A 
normalized emittance (H/V) 0.4/0.4 µm 
relative rms energy spread 1.33 × 10-5 

rms bunch length ~2.5 ps 
bending radius 1.5 m 

Lattice example from Ref. [4] 

λ = 50 µm, at ARC2 exit 

λ = 125 µm, at ARC2 exit 
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