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    Narrow x-ray resonances such as those of Mössbauer nuclei form the basis for a broad range
of applications based on high-precision spectroscopy. However, the spectra of the short pulses
delivered by modern x-ray sources are orders of magnitude broader than the narrow resonances
and only a tiny fraction of the available photons interacts resonantly with the sample, while the
vast majority of the photons produce an off-resonant background. This restricts the achievable
spectral, spatial and temporal resolution for commonly-used narrow resonances.
    To overcome this restriction, we developed and implemented a novel method to amplify the
spectrally-broad x-ray pulses of state-of-the-art x-ray sources in a narrow spectral region [1].
Pictorially, the method works like a mechanical digger that shapes a hill out of a flat landscape
by removing earth at the sides and piling it up. Analogously, the new method removes photons
in off-resonant spectral regions, and piles them up in a narrow resonant spectral region.
    The role of the digger is taken by a piezoelectric material which performs specific motions
upon precisely characterized and controlled electric signals, see Fig. 1(a). The “photon shovel”
is formed by a thin iron absorber foil on the piezo, which temporarily stores x-ray photons
while it  performs its motion with sub-Ångström precision, within a few nanoseconds.  This
storage manipulates the interference between different scattering channels, and rearranges the
x-ray pulse spectrum as desired [Fig. 1(b)]. 
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Fig. 1: Experimental setup and results.  (a) Iron target enriched in  57Fe (gray dot in center of red
crosshairs) mounted on a piezo transducer. (b) X-ray pulse spectra with (blue) and without (black)
piezo motion. Without motion, two absorption minima in a spectrally broad x-ray pulse are observed
due to a magnetic splitting of the nuclear resonance. With motion, the absorption dips are converted
into gain peaks.


