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Abstract

A low-emittance electron accelerator as low as 560 pm rad at 6 GeV is necessary for the low-emittance upgrade of the
SPring-8 storage ring. Therefore, the linac of the x-ray free electron laser facility, SACLA, will be utilized as the injector
for the new storage ring, since a 100 pm rad emittance can be achieved by SACLA. However, the bunch length of an
electron beam for nominal XFEL operation is too short (~10 fs) to maintain the beam emittance throughout the beam
transport line from SACLA to the ring due to a CSR (Coherent Synchrotron Radiation) effect. To prevent the emittance
growth, the bunch length should be as long as 1 ps. Therefore, we have been designing and developing a shot-by-shot rf
parameter switching system for SACLA in order to control the bunch length, because the bunch length can be changed
by switching the rf phases of certain accelerator upstream of a magnetic-chicane-type bunch compressor. A proof-of-
principle experiment to change the bunch length by using the rf parameter switching system was performed with a test
program. As a result, the bunch length of the SACLA linac with the repetition rate of 30 Hz was appropriately switched
one after another between 20 fs and 100 fs. Thus, a 1 ps-long bunch can be generated by applying the rf parameter
switching system to approximately 8 accelerator units.
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Figure 1: Schematic layout of SACLA and the timing and rf distribution system.
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Figure 2: Schematic diagram of the timing and low-level
rf system for each accelerator unit.
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Figure 3: Schematic diagram of the test setup of the rf
parameter switching system.
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Figure 4: Shot-by-shot plot of the rf phase of the
accelerator unit for the rf parameter switching. A
bunching phase is about 160 degrees and a debunching
phase is about —95 degrees.
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Figure 5: Bunch length measurement results with the rf
deflector system. Upper image shows the bunching
phase case and lower one shows the debunching phase
case. The temporal profile for each phase is also plotted.
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Figure 6: Single-shot vertical beam trajectories during
the rf parameter switching. The upper figure shows the
bunching phase case and the lower one shows the
debunching phase case. The accelerator unit for the rf
parameter switching is indicated by the orange line. Red
dots mean the overflow of BPM electronics.
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