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Abstract

At KEK future 3 GeV light source (KEK-LS), bunch lengthening using a double radio-frequency (1f) system have been
underconsideration in order to avoid emittance growth due to intrabeam scattering and to achieve long beam lifetime.
In the case of a double rf operation, available beam performance strongly depends on transient beam loading caused by
bunch filling patterns. Then we analytically evaluated the transient beam loading effect for several types of the rf cavity.
Furthermore, tracking simulations were carried out to estimate the beam performances during a double rf operation with
the KEK-LS condition. As a result, it is found that a factor of 3 or longer bunch length compared with natural bunch
length are expected in the 60 ns bunch gap case with the double rf system consisted of Photon Factory type fundamental

and new-designed 3rd harmonic cavities.
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Figure 1: Estimated transit voltages. Assumed an cavity
voltage of 2 MV, a beam current of 500 mA, and two bunch
trains with a 892 ns bunch-train and a 60 ns bunch-gaps
for the PF-type cavity. a) Filling pattern, b) Bean induced
voltage, ¢) Cavity voltage.
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Table 1: Optimum Double RF System Parameters
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Figure 2: Loaded-Q (@) as functions of unloaded-Q (Q,)
with the optimum coupling condition. Assumed an beam
power of 410 kW, a cavity voltage of 2 MV.
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Figure 3: a) Cavity voltage, b) beam distribution, and c)
momentum aperture with fundamental and 3rd harmonic
voltages at the optimum cavity operation condition.
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Table 2: RF Cavity Parameter

R/Q Qo Qr Number
Fundamental 175 40,000 8,889 4
Harmonic 113Q 37,449 28,813 4
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Figure 4: Calculated bunch length with and without a

bunch gap. Assumed a bunch gap of 60 ns.
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Figure 5: Charge density distribution for each bunch in the
bunch train.
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Figure 6: Frequency spectra of bunch center motions with
and without HC.
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