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Overview of laser-driven
X-ray sources

• basic concept

• open questions

• experimental break-thru
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The FEL group
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Basic Setup – as seen by NatureNews…
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Basic Concept – in reality

laser
energy ~ J
pulse length ~ 25 fs

capillary = laser 
plasma accelerator
200 µm diameter

magnetic lenses 
500 T/m gradient

undulator
sub-cm period

diagnostics/
applications 

2 tables
up to 2 m

up to 6 m
(modular)

FILMITh !
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undulator

λ

electron trajectory
undulator radiation

electron 
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What is a free-electron-laser (FEL) ?
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laser-plasma accelerator:
basics

laser 
pulse

typical length scale = 
plasma wavelength

~ 5 fs

PIC simulation (M. Geissler)

high-intensity
laser

plasma
(capillary)

bubble
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MPQ

PLASMON-X

World-wide effort aimed at FEL using laser-plasma 
accelerators
(courtesy of C. Schroeder)
LBNL
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let’s look back:
Dream Beam Symposium 2007
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let’s look back:
Dream Beam Symposium 2007
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DESY’s summary of
Dream Beam Symposium 2007

http://www.desy.de/fel-beam/data/talks/talks/decking_-_dream_beams_symp_20070305.pdf
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critical issues

• space-charge issues (case study: 0.4 nC, σz = 1.0 µm, 150 MeV)

F. Grüner, C. Schroeder, et al., 
Phys. Rev. STAB 12, 020701 

(2009)

frozen bunch
estimates

self-consistent point-to-point 
simulation

• wakefields

→ cryogenic undulator (cooperation with BESSY)

both in 2007
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laser-plasma accelerator:
state-of-the-art

• 2000, theory of bubble acceleration (Meyer-ter-Vehn & Pukhov)

• 2004, first experimental results (Nature cover issue)

• 2006, Berkeley lab reaches 1.0 GeV (W. Leemans et al., Nature Physics)

• 2008, stability improvement (MPQ, PRL)

• 2008/09, new schemes:
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laser-plasma accelerator:
open questions

• discrepancy between simulated and measured
  charge (beam loading, resolution of PIC codes,
  laser instabilities)

• energy spread typically ≥ 1…5 %
FEL requires < 0.1…0.5 %

• ? minimum energy spread ?

• ? minimum emittance ? 

• ? trapped charge/bunch length ?

• ! study new trapping schemes !

• ! study new dephasing schemes !

• ! study beam loading ! 
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experimental break-thru
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laser-driven soft x-ray undulator
radiation

200 MeV, 5 pC
undulator: 30 cm, 5 mm period

spectrum in 70% 
of all laser shots

M. Fuchs,…, S. Karsch, F. Grüner, 
Nature phys. 5, 826 (2009)

first time:
soft x-rays from laser-
accelerated electrons
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conclusion

• basic concept

• laser-plasma accelerators: state-of-the-art

• open questions – origin/control of: 

 energy spread and emittance

 amount of trapped charge

 bunch length

• first laser-driven x-ray undulator source
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