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Free electron X-ray sources: Ingredients: relativistic electron beam +

undulator (FE plasma fields laser fields
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Betatron X-ray tomography (5 keV) (2012)
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J. Wenz et al. Nature Communications (201
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Nonlinear Thomson backscattering (a;,=0.9) (2012)

Khrennikov et al,, PRL 114, 195003 (2015) o
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Quality scale for x-rays ...
their brilliance:

. B photons
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That's where LWFA sources excel



Center for Advanced Laser Applicat

Electrons — spectrum, stability and tunability
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Electrons with 60-100 TW

shock-front injection in a gas jet
a e tuneable, stable, nC-class electron bunches

* ultrahigh-current (multi-kA)

20

wavebreaking (self-) injection in a gas cell
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Temporal characterization with CTR
spectroscopy

Heigoldt et al.,, Phys. Rev STAB 18, 121302
(2015)
Bajlekov et al., Phys. Rev STAB 16, 040701
(2013)

RMS beam size

Bunch duration & transverse emittanceV

however....

so far only done with self-injected
beams

= integrate CTR & quadrupole setup

Transverse emittance: Chromatic
imaging
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Weingartner et al., Physi. Rev STAB 14, 052801 (:
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Thomson X-ray spectra
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Instantaneous
field amplltude

I( 6\0 \
Fier = 4gk q)

Observation
Electron gamma factor angle range

Wiggling wavelength

X-ray spectrum is influenced by:

* Electron energy, bandwidth and emittance

* Wiggling field strength and number of oscillations
* Observation direction and solid angle

* Wiggling period
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Simulation with SPECTRA 10.0' (and verified with RDTX?)
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I'T. Tanaka and H. Kitamura, J. Synchrotron Radiation, 8 (2001) 1221
2A.G.R. Thomas, PRS TAB 13, 020702 (2010)



Thomson backscattering, E = 70 MeV
A =800 nm
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Collimated, monochromatic e-beam, 30 fs laser pulse
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S calability?
Increase in colliding pulse energy, a, > |: high-harmonic generation, redshift
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Thomson scattering

Khrennikov et al., PRL 114, 195003 (2015)

Nonlinear Thomson scattering with 1.2,
26 fs driver and 0.3), 26 fs collider.

single shots

measured X-ray spectra correspond very
well to those predicted from electron

spectra '
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Alternative control of photon energy:

Collision inside wakefield accelerator
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Gasjet with shock-front,
driver and collider beam
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Electrons =
and
X-rays
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Tunable dual-energy electron bunches from a single laser shot for dual energy X-ray sou

2012: 35 MeV
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Collider tunable over 50-200 MeV, while
shock injection at 350 MeV Wenz et al., Nature Photonics, DOI: 10.1038/s41566-019-0356-z (
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Theoretical x-ray spectra

measured electron spectrum used as simulation inpu
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Prospects for multi-colour, controllable delay x-ray pulses
“X-ray pump, x-ray probe”)
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