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High Harmonic Generation

Recombination
Tunnel Ionization Electron acceleration & X-ray generation
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\ )Corkum and Krausz, Nat. Phys. 2007.
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Few-cycle laser pulses (@ 800 nm
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Laser pulse duration since the 60s
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Experimental setup for few-cycle IR
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Opt. Exp. 19, 6858 (2011)



Idler pulse compression — 1.8 Um
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B. E. Schmidt et al. APL. 96, 121109 (2010).



Only Self-Phase Modulation (SPM)

Compressed phase
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B. E. Schmidt et «/. APL 96, 121109 (2010).
P. Béjot et al. PRA 81, 063828 (2010).



High harmonic generation




HHG with IR few -cycle pulses

HHG in Xenon (Ip = 12.2 eV)
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HHG with IR few -cycle pulses

HHG in Xenon (Ip = 12.2 eV)
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HHG with IR few -cycle pulses

HHG in Xenon (Ip = 12.2 eV)
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HHG with IR few -cycle pulses

HHG in Xenon (Ip = 12.2 eV)
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HHG with IR few -cycle pulses

HHG in Xenon (Ip = 12.2 eV)
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A. D. Shiner et al. Nat. Phys. 7, 464-467 (2011).
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High brightness soft X-ray pulses
in the water window
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High density pulsed -gas-cell

Pulsed valve

- Short interaction length
(0.5 mm)

-Backing pressure limited
by vacuum (low density)




High density pulsed -gas-cell

ulsed valve

-Backing pressure limited
by vacuum

Laser



High density pulsed -gas-cell
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Int. [arb. un.]

He / Ne Comparison
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THz generation with w/2w
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M. Clerici et al. Phys. Rev. Lett. 110, 253901

(2013).

Wavelength dependent parameter:

* Transverse plasma photocurrent « 12
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Dynamic imaging platform

NIR to THZ

Soft X-rays, e-bunches
Hard X-rays

J. Weisshaupt et al. CLEO: 2014, OSA Technical
Digest (online) (Optical Society of America,
2014), paper SM1F.5.

Pumping with tunable CEP stable
pulses from NIR to THz.

Probing using time-resolved soft X-ray
measurements

— absorption
— reflectivity
— diffraction
— photoelectrons

Ultrafast electron diffraction imaging

Ultrafast hard X-ray diffraction
imaging
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Amplified spectra as a function of
pump energy
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Energy per pulse as a function of
pump energy
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Advantages of FOPA

* Amplitication ot two cycle, 1.5m] pulses

*Simultaneous upscaling of peak power and spectral
bandwidth

*Upscaling not limited by aperture size of crystals

*No extra stretcher / compressor needed

*Absence of superfluorescence in the output beam

*No need for clean pump beam profile

*No Pulse Shaper for dispersion compensation
*Combination of many pump beams — no need for coherent
synchronization.

* Amplification of arbitrary pulse shape possible



Short term plan — with Prof. Z. Chang
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FOPA based on Yb (>10 kHz)

Yb:YAG — Innoslab -
>10 kHz
pS pump beam

Yb:KGW — 300 fs

CEP stable
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Expected output: 75 W at 1.5 um, 35 W at 3.5 um. Few-cycle
pulses. CEP stability. FOPA based on KTA crystals.

Future: Scaling the average/peak power by multiplexing pumping in
the Fourier plane. .
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