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Frequency determinations

Fractional frequency uncertainty
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Goal: perform first ultra-high precision laser spectroscopy in the extreme ultraviolet (XUV) region

Requirements:
1. Atomic system that withstands such high energy radiation: Highly Charged lons (HCI)

2. Coherent XUV source: XUV frequency comb
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Highly Charged lons (HCI) for frequency metrology
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High harmonic generation (HHG)
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HHG of a pulse train: XUV frequency comb

e Generate odd higher harmonics
of fundamental light

e Phase coherent transfer of IR
comb to XUV
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e Laserintensity > 1013 W/cm? needed in every pulse

— usually achieved by kHz laser systems, but spectroscopy requires f,,,>> 1 MHz
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Vacuum system

. UHV conditions in chamber (10-® mbar) .
Main chamber pump

. High pressure in focus region (35 bar)
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3-stage differential
pump system

'''''

Titanium support structure
for optics mounting

Cavity focus region
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Differential pump structure
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XUV generation & detection

Nanograting etched in top layer Xe flooded
of HR mirror separates XUV & IR

Nozzle view
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Harmonic generation & phase-matching improvements
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Continuous XUV output
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Cavity-enhanced comb application: Velocity Map Imaging (VMI)

* Imaging of Xenon electrons ionized by absorption of
many IR photons in the cavity focus region

* First VMI at a repetition rate of 100 MHz, much
higher count-rate compared to kHz laser systems

* Allows for studies at lower intensities and at higher
precision

* Dedicated enhancement cavity for VMI has been
designed and built

* Rotating polarization allows 3D electron tomography IN et al., Opt. Lett. 8, 2156 (2020)
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Summary & Outlook

A new, unique XUV frequency comb system has been developed

* High harmonics up to the 35t order were observed
at an energy of 42 eV (30 nm)

* Stable operation for many hours demonstrated

* Yield of 50 uW is sufficient for driving HCI transitions with kHz
excitation rates

* Important milestone towards the very first HCl metrology in the
XUV region

 Asan interesting new avenue, the high repetition rate enabled
multi-photon studies at a very low intensity
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