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Abstract

Since the beginning of XFEL operation in SACLA, various improvements have been demanded in order to increase
XFEL intensity and stability. Some of improvement tasks were: (1) Upgrade of the precise temperature regulation
system in the injector section to reduce the rf phase drift of cavities and beam orbit fluctuation. (2) Increase of repetition
rate and decrease of a trip rate. (3) Extension of an undulator line and tuning of the magnetic field of existing undulators.
For the precise temperature regulation system, we replaced a PWM AC heater with a continuously-controllable DC
heater. In addition, the precise temperature regulation system was applied to an enclosure for low-level rf electronics.
After these upgrades, rf phase drift of acceleration fields in the injector cavities was reduced and the orbit fluctuation
due to a leak magnetic field from the AC heater was also eliminated. For decrease of the trip rate, we modified an
interlocking logic for the thyratron discharge of the high-voltage pulse modulators and we performed high-voltage
conditioning of accelerating structures in parallel with user operation. As a result, the repetition rate was increased from
10 pps to 20 pps without significant growth of the trip rate. For the undulator part, magnetic field errors on some of the
undulators were measured and corrected in summer, 2012 and an additional undulator was installed in winter, 2012. In
consequence of these improvements mentioned above, the accelerator was considerably stabilized and the average

XFEL intensity was increased from 250 pJ (July 2012) to 400 pJ (July 2013) at an X-ray energy of 10 keV.
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Figure 1: Scatter plots of the XFEL positions at the
experimental hall. The left (right) plot shows data before
(after) the replacement of the PWM AC heater with the
DC heater for the precise temperature regulation system
in the injector part.
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Figure 2: FFT spectra of the beam positions after BCI
with (blue) and without (red) the PWM AC heater (2Hz).
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Figure 3: Temperature stability of the 19-inch rack with
the precise temperature regulation system (red curve, left
axis). The blue curve shows the room temperature of the
klystron gallery (right axis).
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Figure 7: Phase errors of one of the undulators just after
the production (black), after the use of one-year (red), and
after the field adjustment (green). The gap width of this
data is 4 mm.
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Figure 8: Gain curves of a 10 keV XFEL. The K value of
the undulator is 2.1 and the beam energy is 7.8 GeV. The
black circle, blue box and red triangle show gain curves
before the movement of the 9" undulator, after the
movement of the 9" undulator, and after the installation
of another undulator, respectively.
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Figure 9: Trend graph of the XFEL intensity for 20 hours on July 22", 2013. The photon energy was 10 keV. The pink

dots are shot-by-shot XFEL intensities and the red dots are 100-shot averages.
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