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Abstract

In order to increase an opportunity of free-electron laser (FEL) user experiments and to expand generation region of
the laser wavelength, we constructed an accelerator for the SACLA beamline-1, which is use for an extreme ultraviolet-
FEL (EUV-FEL). Many of the accelerator components, such as an electron gun, an injector part and an RF power
sources, were relocated from those of the SCSS test accelerator, which was the prototype machine for SACLA and
whose operation was terminated in 2013. A C-band accelerating structure was a newly designed disk-loaded type
structure in order to obtain a high shunt impedance and to increase the electron beam energy within the limited space.
The permanent magnet segments of an undulator were replaced to SACLA type with 18 mm periodic-length from the
previous 15 mm periodic-length. We expect the electron beam energy is 420 MeV, the wavelength and the pulse energy
of the EUV-FEL is at 42 nm and 100 pJ, respectively. Installation of the accelerator components was performed during
summer shutdown periods in 2013 and 2014. An RF conditioning was started in autumn 2014. Targets of a trip rate of
an accelerating structure after the rf conditioning aims at 1 times a hour below. After the RF conditioning of 350 hours,
the acceleration gradient of the C-band accelerator was 46 MV/m by a conditioning period of 350 hours. The trip rate
decreased to be less than 0.27 times an hour with an acceleration gradient of 42 MV/m.
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Figure 1: Schematic view of the undulator section of
SACLA.
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Figure 2: Machine layout of the EUV-FEL accelerator.
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Table 1: Machine Parameter of the EUV-FEL Accelerator

Accelerator EUV-FEL
Beam energy 420 MeV
Bunch charge ~0.3nC
Peak current 300A
Repetition rate 60 Hz

Undulator
Periodic length 18 mm
K parameter 2.1 (max)
Number of periods 460
FEL
Wavelength 42 nm (K=2.1)
Pulse energy ~100 pJ
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Table 2: Required Accelerating Gradients and RF Pulse
Widths

Cavity Gap voltage or RF Pulse width
Acceleration gradient

238 sub-harmonic 200 kV 100 psec

buncher

476 booster 800 kV 50 usec

S-APS 20.6 MV/m 2.5 usec

S- TWA 18 MV/m 2.5 usec

C-band >35MV/m 2.5 usec
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Figure 3: History of the RF pulse widths and the
maximum accelerating gradients (upper) at individual
conditioning stages and the vacuum pressure (lower)
during the RF conditioning period.
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Figure 4: Accelerating gradient depending on the
SLED output power.
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Figure 5: Trip rate depend on the RF conditioning time.
Red-rhombus, green-squares and blue-triangles shows
the trip rate of the CBI-1, CBI-2 and CBI1-3,
respectively,
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Table 3: Measurements Results of the RF Amplitude and
Phase Fluctuations for 24 Hours at Each Acceleration
Cavities

Voltage Phase
238MHz sub-harmonic 0.01% 0.008 deg.
buncher
476MHz booster 0.01% 0.007 deg.
S-band 0.06% 0.06 deg.
C-band 0.10% 0.10 deg.
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Figure 6: Trend graph of RF amplitude and phase
stability at the CBI-1 accelerating structure at for 24
hours.
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