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Fig. 1 (Color online) Typical intensity distributions of a focused
beam with the 100exa system at a photon energy of 10 keV in
the (a) vertical direction and (b) horizontal direction. The
focused beam size of 210 nm X 120 nm (FWHM) was eval-
uated using the knife-edge scanning method. Reprinted from
Ref. 18.

Mirror chamber Sample chamber

Optical microscope Beryllium ‘window

Fig. 2 (Color online) Drawing of the mirror and the sample cham-
ber. The wall on the near side of the sample chamber is
presented as transparent to show the inside of the chamber.
A beryllium window separates the mirror and sample cham-
bers. An optical microscope is used to observe the sample at
the focus from outside the vacuum chamber. Various sample
environments, stage arrangements, and sample supply sys-
tems can be operated utilizing a 100 mm space upstream of
the focus. A portion of the sample chamber can be altered
based on experimental requests while keeping the mirror
chamber unchanged. Reprinted from Ref. 18.
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Fig. 3 (Color online) (a) Typical experimental setup for observ-
ing X-ray nonlinear phenomena using the 2-stage focusing
system. Relationship between XFEL spectra and transmis-
sion of samples for (b) measurement of x-ray saturable ab-
sorption, (¢) XFEL-pumped Ka laser experiment, and (d)
Seeding experiment.
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Fig. 4 (Color online) (a) Transmission spectra around Fe K-ab-
sorption edge depending on XFEL intensities. (b) Relative
transmission at 7130 eV, which is normalized by the trans-
mission at the cold condition, as a function of XFEL intensi-
ty. The square dots show the experimental results, while the
dashed and the dotted lines are simulated curves with core-
hole lifetimes of 500 as and 2 fs, respectively. The simulation
calculates a spatio-temporal evolution of the absorption
coefficient along the beam axis, taking into consideration the
electrons in the K—shell, L—shell, and vacuum levels.
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Fig. 5 (Color online) (a) Single-shot spectrum of XFEL-pumped
Kalaser. (b) Single-shot spectra measured in seeding experi-
ment.
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Fig. 6 (Color online) Atomic displacements of carbon atoms per-
pendicular to the (111) and (220) planes in diamond after ir-
radiation of the pump pulse.
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Fig. 7 (Color online) (a) Geometrical arrangement of the two-stage sub—10 nm focusing system. Length unit: mm. (b)
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demagnification factors. (¢) Schematic of the wavefront-correction method consisting of wavefront measurement
and direct shape correction of the focusing mirrors. Reprinted with modifications from Ref. 31.
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Fig. 8 (Color online) (a) Results of wave-optical calculation.
Intensity fields near the foci of the two-stage sub—10 nm
focusing system were computed varying the grazing-inci-
dence angle errors of +/— 50 nrad. (b) Geometrical arran-
gement of the sub—10 nm advanced KB focusing system.
Length unit: mm. (c) Schematic illustration of (b). The
combination of converging and diverging optics shifts the
principal plane, resulting in a large demagnification of the
focusing system.
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Development of XFEL nano-focusing technique
and applications

Yuichi INUBUSHI

Abstract

In X-ray Free Electron Laser (XFEL) facility SACLA, nano-focusing systems produce intense XFEL
pulses with intensities of the order of 102° W/cm?2. Such intense XFEL pulses are utilized not only
as a conventional probe, but also as a pump source, which have opened up new fields of study for
X-ray nonlinear phenomena. This article reports on the nano-focusing systems and their applica-
tions such as two-photon absorption, saturable absorption, XFEL-pumped Ko laser, and femtose-
cond X-ray damage. Moreover, the current status of development of a sub—10 nm focusing sys-
tem toward intensity of 1022 W/cm? is described.
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