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• Injector & space charge dominated sections:
– Astra (cylindrically symmetric bunch; space charge 

computed using a cylindrical mesh). Point-like 
particles.

• Bending systems: 
– Gaussian macro-particles/point-like particles. Then 

TraFiC4, now new code:  CSRtrack (extended to 
Greens-function method). 

• emittance-dominated transport: 
– Elegant (takes into account geometric (TESLA 

cavities & resistive wakes). Point-like particles.



Longitudinal Phase Space after each compression stage



Peak current and emittance along the bunch





• First analytically calculated for a line charge on a circular orbit
(Shiltsev, Derbenev). Later a textbook example for the longitudinal 
force dating back to the beginning of the century was rediscovered.

• Gaussian line charge (later 3-D) on arbitrary orbit (transients etc.) 
numerically solved by M. Dohlus in 3-D space for longitudinal and 
transverse fields
=> TraFiC4 and CSRtrack

• Analytic 1-D solution for drift – bend – drift system by Saldin, 
Schneidmiller and Yurkov
=> Matlab code (P. Emma and G. Stupakov)
=> elegant (M. Borland)

• Macro-Particle based algorithms: R. Li (2-D)
Tredi (3-D)



Lattice for Benchmarking  of TESLA XFEL
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To the end of Linac : ELEGANT with consideration of CSR and geometric wakefields
but  without consideration of Space Charge 

Note that all parameters are projected values !
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S2E calculation results: www.desy.de/s2e



• Will not get initial bunch length of less than 2 mm 
(for good transverse emittance out of L-band gun)

• Will have a 3rd order harmonic RF system available
• 1‰ projected energy spread @ 20 GeV
• Use simple chicanes (R566 = -3/2*R56); S-chicanes 

should not be too different
• Projected RMS energy spread should never exceed 2%
• More than 50% of the bunch above 2.5 kA peak current 

@ 20 GeV



• Compression less sensitive at higher beam energies if 
R56 and correlated relative energy spread are kept 
constant

• Emittance growth depends mainly on dispersion and 
bunch length in the 3rd bend (4-bend chicane). So use at 
least two chicanes (weak one for final compression) 

• Better linearization of longitudinal phase space if 3rd

harmonic cavity can compensate R566 of chicane(s) 
locally
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one stage double chicane One FODO module = two TESLA modules

New Lattice

Elegant calculations: Yujong Kim

CSRtrack calculations: Martin Dohlus



Longitudinal Phase Space 
red and green: before and after compression using the 3rd harmonic RF to linearize 

upstream of the compressor
blue and magenta: using the 3rd harmonic RF to compensate R566 of chicanes



Final Longitudinal Phase Space
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P. Emma Jitter Analysis:P. Emma Jitter Analysis:
Scan gunScan gun--laser timing and charge, monitoring energy and peak current, do laser timing and charge, monitoring energy and peak current, do 2nd order fit2nd order fit



Then form ‘jitter budget’ based on uncorrelated jitter:Then form ‘jitter budget’ based on uncorrelated jitter:
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Varying the Linac RF Phase



Varying the Linac RF Phase



Varying the 3rd Harmonic RF Phase



Varying the 3rd Harmonic RF Phase



• Comparison Jitter-Sensitivity for different 
designs

• Do s2e for off-phase (off-amplitude) cases
• Remove last doubts about space-charge

instabilities
• Study CSR optics sensitivities
• Detailed design
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