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Abstract

In KEK's Compact ERL (cERL), a mid-infrared free electron laser (IR-FEL) was constructed in 2020, and the IR-FEL
oscillation test was conducted in June-July 2020 and February-March 2021. The short bunch of 1 ps or less (RMS)
required for FEL oscillation is generated by off-crest acceleration in the main acceleration cavity and bunch compression
by R56 control in the arc part. But the bunch quality also depends on the longitudinal electron distribution, including the
energy (momentum) chirp before entering the main acceleration cavity. Due to the chirp of the beam exiting the injector,
there will be a difference between the maximum acceleration phase of the main cavity and the acceleration phase
(reference chirp phase) where the energy spread is minimized in the arc section. When the chirp was measured by scanning
the acceleration phase, it was found that there was a difference between the maximum acceleration phase and the reference
chirp phase in the simulation and actual measurement. This is because the chirp of the beam transported from the injector
is smaller than that in the simulation, and the longitudinal electron distribution of the injector also differs from the design
distribution. Therefore, in this study we evaluated the change in the vertical distribution including the chirp by adding
errors to various RF parameters to the injector model by simulation, and investigated the cause of the observed
discrepancies.
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Figure 3: Constant reference amplitude (red) and constant
energy (blue) ML2 phase scan results at Caml4; (a)
measurement; (b) simulation.
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Figure 4: (a) 2D scan result at Cam14 (INJ2-3 amplitude
+5 % vs ML2 phase offset £30 deg.); (b) Linear fit of the
horizontal beam size gradient at Caml4 at ML2 phase
offset fixed to zero.
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Table 1: Parameters’ Importance

Parameter Gradient linear fit angle
Laser phase -0.07
BUN phase 0.06
BUN RefAmp -0.04
INJ1 phase -0.11
INJ1 RefAmp -0.11
INJ2-3 phase 0.04
INJ2-3 RefAmp -0.29
MLI1 phase 0.04
ML1 RefAmp -0.02
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Figure 5: Impact of the INJ2-3 amplitude to the minimum
of the horizontal beam size at Cam14; amplitude offset
-5 % (red dashed); amplitude offset 0 % (on crest, blue
solid); amplitude offset +5 % (red dot dash).
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