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Motivation: Laser Wakefield Acceleration

* |n laser-plasma electron acceleration a high intensity ultrashort laser pulse drives plasma waves, asma i drive laser pulse
Vity

iInducing a high field gradient (~GV/m) which can accelerate electrons to high energies within a \
very short distance.

e For applications, e.qg., ultra-fast pump-probe X-ray spectroscopy as a preparation stage for XFEL

2015, important issues are tunabillity, stability and scalabillity. background plasma electrons

 To address these issues we carefully analyse the acceleration targets, enabling:
o PIC-on-GPU simulations using real-life experimental parameters. PIC-on-GPU simulation (64 NVIDIA Fermi GPUs) of wakefield
] ] ] formation in the bubble regime. One 3D simulation requires only 45
0 Precise control and adjustment of experimental parameters. minutes of simulation time.

H Burau, et al, IEEE Trans. on Plasma Sc. 38(10), 2831-2839

LWFA target characterisation: Mach-Zehnder interferometric tomography

gas density [cm'a], He 40 bar, 700pm above nozzle

e Tomographic reconstruction:

O no assumption of centro-symmetry as Is the case with Abel reconstruction:
* Non-centrosymmetric targets can be analysed.
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Facility Outlook

 Combined facility with access to both high intensity laser & conventional electron accelerator: A stable compact laser-driven electron accelerator
o0 Thomson backscattering experiments as stepping stone towards fully laser driven Thomson can be used as a driver for unique x-ray sources
backscattering x-ray source. vVid.- o electron/laser Thomson scattering
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DRACO laser parameters on target:
90 mJ, 500 fs, 35 pm (FWHM), a,=0.05
ELBE parameters on target:

77 pC, 9 ™ mm/mrad, 170 pm (FWHM) X-ray characteristics: SRek rons propagation
Jochmann et al., PRL in press ° flnlte baﬂdW|dth S. Kneip et al., Phys. Rev. ST Accl. Beams

laser pulse

Superconducting linac ELBE

1 PW Ti:Sa Laser DRACO 15.021302 (2012)

Thermionic SRF e tuneable
pulse frequency 10 Hz 1 Hz * A\p=3800 nm e Ultra-fast (~fS)
beam energy 24 - 30MeV * 10 Hz repetition rate
bunch length 4 ps (FWHM)

» 2 beam output

bunch charge | 1.77pC | 1...77 pC Such a source enables new experiments such as

ultra-fast pump-probe X-ray spectroscopy.
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e Up to 25J + 4J on target
15 mmm S 1T mm

trans. emittance mrad mrad + 30...500 fs pulse width (FWHM)
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