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Abstract

In May 2020, an infrared free electron laser (IR FEL) test is planned in the compact ERL (cERL) at KEK. Toward
the IR FEL test, we designed a beam transport condition in an injector beamline for 60 pC bunch charge, and operated
the cERL accelerator to confirm the designed beam performance and to develop the method of beam tuning to control
space charge effect. The beam transport condition from a photocathode electron gun to the exit of a main linac were
optimized with different injector energies. Based on the optimized results and the results of conditioning operations
of the superconducting cavities, we selected 4 MeV injector energy for beam operations in June 2019. After the beam
tuning, beam sizes, normalized emittances, bunch length and energy spread were measured. The measured injector
performance satisfied the requirements for the IR FEL test, which were 4 ps RMS bunch length and < 3 7mm - mrad
normalized emittance.
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Figure 2: Optimization results for 3, 3.5, 4, and 5 MeV in-
jection energies. Both bunch length and normalized emit-
tance were minimized at the exit of main linac.
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Figure 3: Time evolution of emittances, beam sizes, energy
and energy spread for 4 MeV injection energy.
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Figure 4: Designed and measured responses of injector en-
ergy to buncher phase. The measured energy was limited
by the size of a beam profile monitor.
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Figure 5: Designed and measured responses of beam size
to quadrupole strength after optics matching at MP2 in

Fig. 1.
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Figure 6: Designed and measured responses of beam size
to quadrupole strength after optics matching at MP2A in
Fig. 1.
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Figure 7: Designed and measured horizontal and vertical
beam sizes after optics matching.
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Figure 8: Measured horizontal and vertical phase space
distributions by slit scanner in injector diagnostic line.
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Figure 9: Horizontal and vertical emittances are calculated
from measured phase space distributions in Fig. 8 as func-
tions of background threshold level.
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Table 1: Normalized RMS Emittance at Slit Scanner

Design  Analysis 1 Analysis 2
Enz (rmm - mrad) 1.42 1.87 1.937 £0.286
€ny (rmm - mrad) 1.48 0.88 0.826 +0.018
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Figure 10: Estimation of normalized RMS emittance from

measured quadrupole scan result at MP2 as shown in
Fig. 5.
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