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Fig. 1 Beam commissioning plan. The blue, cyan, green and orange
squares represent rough beam tuning, monitor tune-up, pre-
cise beam tuning, and photon beamline tuning, respectively.
The yellow stars represent the key milestones in the commis-
sioning. BC, bunch compressor; AU, alignment using an
alignment-undulator; BBA, beam-based alignment; UND,
undulator.
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Fig. 2 Comparison between the planed and performed beam com-
missioning schedules. The stars represent the key milestones
in the commissioning.
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Fig. 4 Beam profiles observed by means of OTR monitors and a
fluorescence monitor having a spatial mask. The normal pro-
file by OTR (a), the false profile by superposition of COTR
and OTR (b), and the perpendicularly streaked normal pro-
file by fluorescence from a Ce:YAG screen with a spatial
mask stopping COTR (c).
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Fig. 5 Profile of undulator radiation measured by the developed
MPCCD installed in the optical hutch. The radiation is
monochromatized to 10 keV X-rays by a double crystal
monochromator.
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Table 1 Achieved SASE FEL performance

Pulse Energy* Ep Sub-mJ@1>1A

Electron Beam Pulse Duration* . 30~70 fs (FWHM)

Intensity Fluctuation™ 10~20%

Spatial Coherence Nearly full

Repetition Rate 10 Hz (Max. 60 Hz)

*Achieved values depend on the lasing wavelength

1 ; . : 100
Beam Energy = 7.0 GeV
K=1.8

Laser Pulse Energy (mJ)
(%) uonenyoni4

Number of Undulator Segments

Fig. 6 Gain curve for a photon energy of 10 keV together with an
intensity fluctuation. The laser intensity was measured by the
developed backscattering-based monitor!®. The beam
energy and K-value were set to 7.0 GeV and 1.8, respectively.

12 :

Beam Energy = 7.0 GeV
10 L K=1.8

Intensity (a.u.)

Spontaneous x10°

i

9 9.5 10 10.5
Photon Energy (keV)

Fig. 7 Spectrum of 10 keV SASE FEL together with the spontane-
ous radiation of which is magnified by a factor of 1000. Each
datum shows an average of 10 shots. The beam energy and
K-value were set to 7.0 GeV and 1.8, respectively.
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7. Beam commissioning and achieved laser
performance

Hitoshi TANAKA, Toru HARA, Kazuaki TOGAWA,

Takashi TANAKA, Makina YABASHI

RIKEN Harima Institute, RIKEN SPring-8 Center, XFEL Research and Development Division,
1-1-1, Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan

Abstract This article describes the beam commissioning overview of a world’s first compact X-ray Free
Electron Laser named SACLA and the achieved laser performance. Especially, three detailed stories are also
shown on clearing the hurdles to SASE lasing during the beam commissioning.
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