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Abstract

Energy Recovery Linac (ERL) is expected to realize the extreme low emittance or short bunch at a relatively high
average current, which is required at the high intensity FEL or THz radiation source. It is important to control and analyze
the beam dynamics at the Compact ERL (cERL), the test facility based on the superconducting linac. In a few tens pC
bunch charge operation, the emittance growth due to the collective effects are not negligible at the cERL. The linear optics
at the recirculation loop is optimized to suppress the emittance due to the CSR wake with the simulation code, ELEGANT.
At the optimized optics, the space charge effect of the recirculation loop is also estimated with General Particle Tracer,
GPT. In the cERL commissioning, the transverse emittance are measured by the Q scan method at several point in the
recirculation loop. We summarized and discussed both results.
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Figure 1: Layout of compact ERL. Simulation codes (GPT
and ELEGANT) in the S2E simulation are swicthed at the
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Figure 2: Simulation results of horizontal normalized emit-
tance at the exit of the first arcas a function of the horizon-
tal betatron function at the center of the arc. The computer
code elegant is used with a macroparticles of 10°. R11 el-
ement of the arc section is also shown.
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Figure 3: Betatron and dispersion functions along a beam-
line of the recirculation loop, that is, from the point A (the
exit of the main linac) to the beam dump.
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Figure 4: Result of the tracking simulations showing the
changes in the horizontal normalized emittance along the
recirculation loop (from an exit of the ML to the dump).
Solid and dashed lines denote the results under bunch
charges of 77 pC and 7.7 pC, respectively. (upper) Simula-
tion with GPT code including the space charge effect, and
(lower) simulation with elegant code including the CSR
wakes.
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Figure 5: Measurement results of normalized horizontal
emittance in the recirculation loop. Error bar is set to 10%.

Table 1: Measuremnt Results of Normalized Emittance at
the High Beam Current Operation

normalized emittance[mm-mrad]  horizontal  vertical
North straight section 0.29 0.26
South straight section 0.42 0.26
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Figure 6: Measurement results of normalized horizontal
emittance in the recirculation loop. Error bar is set to 10%.
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