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Abstract

A self-seeded XFEL system using a transmitted beam under the Bragg diffraction condition has been developed at the
compact XFEL facility SACLA, in order to generate brilliant single-mode XFEL pulses with high temporal coherence.
The self-seeding setup is composed of a small magnetic chicane that can delay the electron beam by up to 50 fs, and a
diamond single crystal with the thickness of 180 um. In the beam commissioning, monochromatic X-ray enhancement at
10 keV due to the self-seeding was observed using a single-shot spectrometer. The spectral bandwidth of the seeded FEL
was about 3 eV in FWHM, about 1/10 of that of SASE. After the optimization of the number of undulator segments,
temporal delay of the electron beam, and the rf phase of the pre-buncher cavity, 4 times higher peak intensity was obtained
for the integrated spectrum over 100 shots compared with SASE. The probability for observation of the seeded FEL signal
in the single-shot spectra was 42% and the intensity fluctuation for the seeded events was 31% rms. Although further
optimization and improvement on long-term stability are still necessary, the results are promising for future practical use.
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Figure 1: Configuration of the SACLA machine and the self-seeding system. BC1, BC2, and BC3 mean the three bunch

compression chicanes.
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Figure 2: Diamond crystal chamber.
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Figure 3: Bragg diffraction intensity measured by the
photo-diode as a function of the K-value offset of the
upstream undulators.
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Figure 4: Energy spectrum of the transmitted SASE
radiation from the upstream undulators, measured by the
single-shot spectrometer with the silicon (660)
configuration. There is a clear dip at 9.995 keV due to
the Bragg diffraction of the diamond crystal.
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Figure 5: Energy spectra of the X-ray radiation with and
without the diamond crystal, measured by the single-
shot spectrometer with silicon (220) configuration. The
three lines show the spectra with different number of
active undulator segments at the downstream of the
chicane. The spectra are the integration of 100 shots.
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Figure 6: Peak intensity of the seeded monochromatic
components and the averaged intensity of the SASE
background, depending on the number of active
undulator segments at the downstream of the chicane.
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Figure 7: Peak intensity of the seeded monochromatic
components and the averaged intensity of the SASE
background, depending on the number of active
undulator segments at the upstream of the chicane.
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Figure 8: Peak intensity of the seeded monochromatic
components and the averaged intensity of the SASE
background, depending on the delay time at the chicane.
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Figure 9: (Plot a, b, and c¢) Peak intensity of the seeded
monochromatic components (Blue line), and the total
pulse energy measured by the in-line beam monitor
(Orange line), depending on the relative rf phase of the
C-band off-crest accelerator (a), the L-band accelerator
(b) and the 238 MHz pre-buncher cavity (c), from the
initial operating parameters. Plot d) shows the energy
spectra for three rf phases of the 238 MHz pre-buncher
cavity. The each spectrum is the integration over 100
shot, measured by the single-shot spectrometer.
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Figure 10: Distribution of the peak photon energy and
the peak intensity for each single-shot spectrum, which
is the same data set as “+0.05 degree” spectrum in
Figure 8 d). Blue dash line box shows the criteria for
“seeded” event.
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