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 
 The project is dedicated to simulation of the ASTA 

(Advanced Superconducting Test Accelerator) 
beamline.  

General overview 

My part of simulation 

accelerating 
cavities 

cavities which 
linearize the phase 
space 

bunch compressor 
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 
RF cavities accelerate/deaccelerate charged particles 

in a bunch, in our case it’s relativistic electrons, as 
after the gun the reference energy is about 4.5 MeV. 

 There are two regimes:  

 on-crest 

 

 off-crest 

RF cavities 

bunch on-crest 

bunch off-crest 

Each particle gains 
energy  

As the size of  the bunch is not negligible, in 

cavity different particles can gain a bit more or 

less energy. 
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 
 

 

Bunch compressor 

four-dipole chicane 

Chirp means 
differentiation of particles 
energy relatively to some 
reference particle 
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*

* Instead of common method of 

macroparticle simulations I use Vlasov 

solver, developed by Francois Ostiguy. This 

method follows the beam distribution 

function in time and is not so vulnerable to 

statistical fluctuations when considering 

collective effects like space charge of CSR 

(coherent synchrotron radiation).  

Getting initial 

distribution map 

Interpolating it 

Applying inverse matrix 

transformation to each 

point of new grid 

Assignment values of 

distribution function on the 

initial map to correspondent 

points we made inverse 

transformation of 

Saving new map to 

initial distribution 

For each element of the beamline 

we have to run this algorithm 

We calculate where red 

point (in phase space) was 

before the element of the 

beamline 6 
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COLLECTIVE EFFECTS 



Space charge in a drift before the 1st cavity 

Initial 

distribution 
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CSR 

 CSR kicks has to be implemented the same way 

as space charge ones were introduced.  

On picture 2 whole bunch loses some 

energy while its head ”catches” some of it. Picture 1 
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CONCLUSION 

 Achievements: 

 Simulation of the described part of ASTA beamline was complete 

 Compression reduced bunch length 25 times with invariant 
emittance. 

 Space charge was implemented. Suggestion, that it does not 
affect much on bunch compression quality, was checked. 

 CSR accounting is in process 
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