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Abstract

At the XFEL facility SACLA a beam switching system composed of a pulsed kicker magnet and a DC separator has
been installed to perform pulse-by-pulse XFEL switching operations over two XFEL beamlines (BL2 and BL3). However,
CSR effects at a dogleg beam transport to BL2 with a deflecting angle of 3 degrees significantly limited the peak current
of the electron beam. In order to cancel out the CSR effects, new beam optics, which is more symmetric in terms of the
deflecting field distribution, is introduced to the dogleg. Here, a deflecting angle of the kicker magnet working as the first
bending magnet in the dogleg is increased from 0.5 to 1.5 degrees. To drive the kicker magnet, a high-power pattern
power supply, whose maximum output power is 0.3 MW (299 A and 1 kV) with a current stability of 10 ppm (peak-to-
peak), has been developed using SiC MOSFETs as switching elements. This power supply can generate bipolar
trapezoidal current waveforms at 60 Hz, and the amplitude and polarity of each waveform are controllable within the
required current stability from a pulse to a pulse depending on a beam energy and a destination. This presentation reports
the design overview and obtained performance of the developed power supply together with beam commissioning results
of the new pulse-by-pulse switching system.
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Figure 1: Schematic layout of beam transport from linac
to BL2.
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Table 1: Major Specifications of the Kicker Magnet and
the Power Supply

Kicker magnet

Magnetic field 0.893 T @ 299A
Pole length and width 950 mm and 75 mm
Inductance 16 mH @ 1kHz
Total resistance 25 m Ohm
Pattern power supply
Input 3-phase 420Vac
Output current +/- 299 A max.
Pattern profile Trapezoidal
Current stability at beam 3mA
timing (pulse by pulse) (10 ppm for 299 A)
Output voltage +/- 1000 V max.
Repetition rate 60 Hz max.

Chassis size (W, D, H) 3mx Im x 2.7m
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Figure 2: Block diagram of the pattern power supply of the
kicker magnet.
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Figure 3: Current flow in a small current operation, 0.3A
for the magnet.
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Figure 4: Measured waveforms of the output current (red)
and voltage (green). An output current is 240 A and a
repetition rate is 60 Hz. In the lower window, the flat-top
of the trapezoidal pattern is expanded.
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Figure 5: Histogram of current jitter at the beam timing and
240 A operation.
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Figure 6: Current waveform at +1A small current
operation. In the lower window, the flat-top of the
trapezoidal pattern.

720.880

720.855 1

10ppm

g P, i WM I »“‘“Www

720,850 b '

Manetic Field (mT)

720.845 —

720.840

1 I 1 L L L L
14:46 14:48 14:50 14.52 14:54 14:56 14:58 15.00

Figure 7: Trend graph of the kicker magnetic field
measured by a gated NMR detector at the beam timing.
The power supply was operated at 60 Hz with a peak
current of 240 A.
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Figure 8: Comparison of the horizontal orbit fluctuation
measured before the BL2 undulator: (left) previous beam
transport, (right) new beam transport. In these plots, the
emittance values are indicated.
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Figure 9: Trend graphs of XFEL pulse intensities measured

at BL2 (upper), and BL3 (lower). A photon energy is 10

keV at both beamlines.
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