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Mössbauer nuclei form a rich platform for the exploration of X-ray quantum optics and dynamics
[1-3]. However, theory and experiment so far are focused on the linear low-excitation regime, owing to a
restriction of the experimentally available resonant photon flux due to the narrow nuclear linewidths. This
situation has changed with the availability of X-ray free electron lasers, which may provide a large number
of photons within the nuclear linewidth per pulse [4]. Further progress towards the high-excitation regime
recently became possible with high-repetition-rate self-seeded hard x-ray free electron lasers.

In this talk, I will discuss recent experimental and theoretical progress towards nuclear quantum optics
beyond the linear excitation regime. After presenting first results on multi-photon excitation of 57Fe at
European XFEL, I will discuss methods to verify the excitation beyond the linear regime, and to enhance
the nuclear excitation fraction.
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