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▪ RElativistc Particle Tracking for Injectors & Linacs
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 Monte-Carlo collisions (cell wise)

Transform to rest frame Transform to lab frame

Build random particle pairs
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 Cumulative scattering angle
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For a single (binary) scattering angle event:

Coulomb log.

Θ2 = 𝑁 𝜃2 with: 𝑁 = 𝜋𝑏𝑚𝑎𝑥
2 𝑛𝑔∆𝑡

For N (large) scattering events → cumulative angle:
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 Cumulative scattering angle
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≈ ln
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For a single (binary) scattering angle event:

Coulomb log.

Nanbu’s correction for finite N:

Chap & Sedwick, Phys. Rev. E 95, 

063209, 2017 

 Solve coth 𝐴 − 𝐴−1 = exp(−2 Θ2 )

 Generate cumulative angle as:

𝜃 𝑢 = arccos {log[exp −A + 2 u sinh A ]}

with u ∈ [0,1]
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 Choice of Coulomb logarithm

Group particles by cell Group particles by slice

𝒃𝒎𝒂𝒙

𝒃𝒎𝒂𝒙

Sensitive to mesh refinement! Assumes uniform density in slice!

Shortcomings:

 Does not resolve transverse density variations

 Longitudinal collisions (at very low energies) not included

 Correction for the distribution tail at large angles might be needed → Coulomb log.

 This heuristics cannot be avoided in simulations as well as analytical models
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 The original Piwinski model:

 The high-energy approximation for round beams (Huang, Bane, 2002):
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„Cutting“ the tail of scattering angle distribution (Huang, 2002):

Δ𝛾𝑚𝑎𝑥 ∼ 𝛾 × 10−5 → Λ𝑐 = ln
𝜖𝑥
𝑛 × 10−5

𝑟𝑒
≈ 8 for 𝜖𝑥

𝑛 = 1𝜇𝑚

This value is wrongly used in several recent papers
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 IBS growth for frozen beam: 𝜖𝑥
𝑛 = 1𝜇𝑚, 𝜎𝑥 = 250𝜇𝑚, 𝜎𝑧 = 1𝑚𝑚
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 Low energy IBS fitting formula (Nagaitsev, 2005):

1

𝜏𝛿
=

1

𝜎𝛿

𝑑𝜎𝛿
𝑑𝑡

=
𝑟𝑒
2𝑐𝑁𝑏Λ𝑐

8𝛽3𝜖𝑥
𝑛𝜖𝑥

𝑛𝜎𝑥𝜎𝑧𝛾
2𝜎𝛿

2 ⋅ 𝐹(𝜉) 𝜉 =
𝜎𝛿𝜎𝑥
𝜖𝑥
𝑛

2

=
𝜎𝛾𝜎𝑥

𝛾𝜖𝑥
𝑛

2

S. Nagaitsev, PRST-AB, 8, 064403 (2005) 

𝐹 𝜉 ≈ 𝐺 𝜉 = (1 − 𝜉
1
4)
ln(𝜉 + 1)

𝜉



Validation studies

December 5, 2024 |  TU Darmstadt  |  Fachbereich 18  |  Institut Theorie Elektromagnetischer Felder  |  PD Dr.rer.nat. Erion Gjonaj  |  11

 IBS growth for frozen beam: 𝜖𝑥
𝑛 = 1𝜇𝑚, 𝜎𝑥 = 250𝜇𝑚, 𝜎𝑧 = 1𝑚𝑚
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▪ The SwissFEL injector

SINSB03-2 SINSB04-1

21.7m 27.2m 32.7m 38.2m

z

Gun 3GHz TWS-1 TWS-2 SINSB03-1 SINSB04-2

0m 3.3m 8.3m 66.3m13.3m

10xQuads 7xQuads

z

84.9m 111m

TDS 11xQuads Screen

• Final energy: 320 MeV

• Bunch charge: 10…200 pC (nominal 200 pC)

• Average 𝛽-function: ~16 m (nominal)

• Bunch compressor and laser heater switched off (R56=0)
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▪ Slice energy spread (nominal configuration)
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▪ Slice energy spread (“large“ optics)
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Measured: 4.2 keV



▪ Charge scan
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*With permission from

Prat et al.



▪ The EuXFEL injector

Simulations for the EuXFEL
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0m 15m 20m4m 25m 27m 39m

Gun 1.3GHz A1 1.3GHz AH1 3.9GHz 9 x QuadsLH Dipole

Screen

• Final energy: ~130 MeV

• Bunch charge: 250 pC (nominal)

• 3rd harmonic AH1 switched off

• TDS structure (for the moment) ignored

• Energy spread measurement at the maximum energy slice



▪ Slice energy spread calculations

Simulations for the EuXFEL
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▪ The Particle-FMM solver

▪ Exponential expansions for M2L transformations -> reduce to O(N)O(P3)

▪ MPI-parallelization using local tree decompositions

▪ Very efficient at high energies – noisy for space-charge dominated beams

Hierarchic computation of mult. expansion

(Rohklin & Greengard, 1987)

local tree
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▪ The FFT-Green function solver

- Uses Hockney’s algorithm on doubled domains using IGF and shifted Green 

functions for the cathode charge

- Using parallel 3D-FFT library – HeFFTe1 

- Backend FFTW, Intel MKL (tbd. CuFFT)

Decomposition strategies for 

parallel FFT:

Input data is reshaped such that 

each processor performs a single 

1D-FFT at a time1

1 A. Ayala, et al., “heFFTe: Highly Efficient FFT 

for Exascale”, (ICCS 2020)


