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Abstract

The compact Energy Recovery Linac (cERL) injector at KEK is designed to deliver high-quality electron beams to the
recirculation loop. However, recent beam diagnostics revealed an anomalous "triangle-shaped" beam profile emerging
immediately after the first solenoid, significantly impacting beam quality and system performance. Such distortion can
degrade focusing and collimation efficiency, introduce measurement inaccuracies, and increase sensitivity to alignment
and field errors. This study investigates the underlying causes of the distorted beam shape through simulation and analysis,
considering factors such as sextupole field components, magnet misalignments, nonlinearities in air-core steering magnets,
and initial beam kicks at the cathode. Potential mitigation strategies are proposed to suppress the distortion and improve

injector stability and beam transport efficiency.
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Figure 1: Layout of the injector section near the e-gun.
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Table 1: Injector Design Specifications for cERL
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JLF—[m]IR)

DC 5 BIE 450 kV 450 kV

MR LB 2K 1.3 GHz 81.5 MHz

ANF=FLF—  29MeV 3.5 MeV

JE [B] = AL — 17.4 MeV 17.5 MeV
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Figure 2: Abnormal beam profiles observed at screens
CAMI (left) and CAM2 (right).
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Figure 3: ZHOl model simulated using RADIA (left:
horizontal correction coil only). Magnetic field distribution
shown on the right.
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Figure 4: Schematic layout used in the simulation.
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Figure 5: Kick and correction process. Left: no beam
divergence during trajectory tuning. Right: beam
divergence appears under actual conditions.
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Table 2: Comparison of Simulated and Measured Beam Profile Parameters at CAM1 and CAM2

2024-11-24 2024-11-28 2024-11-29 2024-11-30
TRal—ar HIE vIal—var JE Ral—iar HIE Ral—iar HIE
CAMI A () 62 79 70 77 55 83 60 85
B H 0.42 0.38 0.34 0.34 0.55 0.39 0.50 0.39
CAM2 A5 () 157 188 164 190 162 179 161 181
£ H 0.33 0.65 0.30 0.51 0.40 0.58 0.39 0.55
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Figure 6: Example of beam profile comparison from
November 30, 2023, at screens CAMI1 (left) and CAM2

(right).
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