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Abstract

The x-ray free electron laser facility, SACLA, makes a high-density electron bunch with a peak current of more than
3 kA using three magnetic bunch compressors. At the final bunch compressor, microbunches with a longitudinal scale
of visible light wavelength grow rapidly in the bunch. Since it generates extremely strong coherent optical transition
radiation (COTR) when the bunch hits a screen, it introduces difficulties in measuring the precise beam profile.
Generation of the COTR is one of the microbunching instability phenomena, and it is very important to make clear the
mechanism of microbunch generation. In order to evaluate the properties of the microbunch, the experiment to wash out
the microbunches using a quadrupole magnet was conducted. The quadrupole magnet was located at the dispersive
point of the final bunch compressor. The microbunches smear by the quadrupole field since the path lengths in the
bunch compressor change for different horizontal positions and angles. In the experiment, the intensity of COTR
decreased with increasing the quadrupole field as we expected. The smearing length estimated theoretically agreed with
the wavelength of the COTR. In this paper, evaluation of microbunching instability using COTR at SACLA is described.
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Figure 1: Bunch compression system of the SACLA.
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Figure 2: OTR images at the entrance and exit of the
third bunch compressor.

Table 1: COTR status at SACLA.

After BC1 After BC2 After BC3
35-400 400 MeV-14
Beam Energy 1.4-8 GeV
MeV GeV

Peak Current ~60 A ~600 A >3 kA
(Bunch Length) (~2 ps) (~200 fs) (30-70 fs)
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Figure 3: Spectrum of the COTR.
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Figure 4: Layout of the third bunch compressor.
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Figure 5: Variation of COTR intensity as a function of
the quadrupole magnet strength.
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