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Plasma-based acceleration

Free-electron lasers

- In plasma-wakefield acceleration (PWFA), short and high-current
particle beams generate large amplitude plasma waves.
- 40 GeV energy gain of electrons in meter-scale plasma modules
was demonstrated experimentally [1].
- Allows for dramatic miniaturization and reduction of costs of future
light sources [2,3] or particle colliders [4,5].
Laser pulse in LWFA:
Laser wakefield acceleration
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Free electron lasers (FELs) are deliver
- Spatially and temporally coherent radiation
- with (sub-)nm wavelengths
- pulsed in a few femtoseconds
- ultra-high brightness (~10^33 Photons/(s mm2 mrad2 0.1% b.w.))
1 Introduction

Electron beam
energy ~ GeV
duration ~ 10 fs

Plasma target

Illustration of the generation of FEL
radiation in an undulator [6].
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Drive beam

Particle beam in PWFA:
Plasma wakefield acceleration
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- Extreme wakefields ~10-100 GV/m
- Electrons accelerated to GeVs in cm’s
- Shrinking size of accelerators from
km's to m’s

~10-100 µm
Plasma wave

FELs are
- key technology to new insights in medicine, biology, chemistry or
materials science
A more accurate treatment, taking into account the sinusoidal shape of the electron
- Today
by km-scale
trajectory
and the driven
fact that the longitudinal
velocity of the machines
electrons is lower than(LCLS, XFEL, SwissFEL)
Fig. 1.1 Schematic representation of electron motion in a planar undulator and the emission of
undulator radiation. In reality the alternating magnetic field and the sine-like electron orbit are
orthogonal to each other but for simplicity they have been drawn in the same plane. The amplitude
of the sinusoidal orbit is exaggerated, it is only a few µm.
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The dimensionless quantity K is called the undulator parameter, and B0 is the peak
magnetic field on the undulator axis. The undulator parameter is typically in the range
of 1 − 3. The proof of formula (1.4) is presented in Chap. 2. This formula, which is
also valid for the FEL, refers to the fundamental wavelength λ1 ≡ λℓ . Note that the
radiation in forward direction contains odd higher harmonics with the wavelengths

Particle-In-Cell modelling
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- Particle-In-Cell (PIC) methods model kinetic plasma
- Developed
by UCLA and IST
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with an intensity scaling quadratically
- Particle density is discretized with macro-particles
if the electron bunches were shorter than the light wavelength, a condition that is
- Tunnel (ADK) and Impact Ionization
practically never satisfied in the X-ray regime.
particle
current
- Macro-particles are advanced along the characteristics of
- Optimized higher order splines
pusher
deposition
the Vlasov equation
- Parallel I/O (HDF5)
- Fields and currents are defined on a grid
- Boosted frame in 1/2/3D
field
Numerical main loop
field solve
- Ponderomotive guiding center
scheme in a PIC code interpolation
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FLASHForward‣‣

Start-to-end modelling for FLASHForward

Future-oriented wakefield-accelerator research and development at FLASH

- FLASHForward is a facility using FLASH beams at DESY for PWFA experiments
- The project aims at advancing beam-driven novel-accelerator science
- Simulations so far assumed ideal beam parameters neglecting realistic effects

Spatial beam distribution
from a tracking code

Depiction of a realistic
beam in a PIC simulation

This project will develop numerical methods for the first time allowing for the
study and optimization of PWFA-driven FELs
- These studies are key to successful experiments at FLASHForward
- This has a transformative potential to the field of novel accelerator research
- May allow for small-lab scale high-brilliant X-ray or FEL generation
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