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We generated a nano-sized intense x-ray beam at a photon energy of 20 keV utilizing a pair of
nanofocusing lenses (NFL [1]) and adiabatically focusing lenses (AFL [2]) arranged in crossed
geometry. The vertical focus was generated by the NFL and the horizontal focus by the AFL. We
applied ptychography to retrieve the complete complex caustic of the nanobeam, i. e., phase and
amplitude as a function of coordinates transverse the optical axis and along the optical axis. The
aim was to demonstrate a numerical aperture that is larger than the critical angle of total reflection
and to achieve a transverse focus size of below 20 nm full width at half maximum.
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Figure 1: Horizontal intensity distribution along the optical axis retrieved by ptychography.

Figure 1 shows the (vertically integrated) intensity of the horizontal caustic, i. e., the caustic caused
by the AFL. The measured numerical aperture is NA = 1.64mrad, whereas, at 20 keV, the critical
angle of total reflection for silicon is θc = 1.56mrad, thus we have

NA = 1.64mrad > 1.56mrad =
√
2δ = θc ,

being of fundamental theoretical relevance, since this result disproves the central statement of [3].
In Figures 2, the intensity distributions in two planes (a) and (b) transverse the optical axis are
shown. The planes are separated by a distance of 30 µm. In plane (a), the horizontal beam size
is smaller than the horizontal beam size in plane (b), but in (b), the intensity distribution is more
symmetrical than in (a) and the vertical focus size is smaller.
Horizontal and vertical line profiles of the two planes are depicted in in Figure 3. In plane (a), the
beam size is 13.5 nm (h) by 68.9 nm (v) full width at half maximum and in (b) it is 17.1 nm by
53.4 nm. We measured a photon flux of 1.2× 107 ph/s, the gain achieved by the combination of
NFL and AFL was 3× 104.
In theory, a perfect refractive lens should generate a beam with Gaussian intensity distribution. The
observed deviations from a Gaussian beam is due to aberrations of the AFL as well as a slight
misalignment of the optics. We are able to simulate the measured caustics of the experiment by
computer simulations using a detailed model of the experimental situation. Analysis of the results
is still in progress, a publication will follow soon.
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Figure 2: Intensity distribution in two planes transverse to the optical axis. The location of the planes are
indicated in Figure 1 by the lines marked by (a) and (b).
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Figure 3: Horiontal and vertical line profiles of the x-ray wavefield at positions (a) and (b).
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