Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 FRO707

KEK PF 2.5 GeV Y v 728517 2 @8IEMEEN#E D REETFAR
EXPERIMENTAL TESTS TO COMPENSATE THE TRANSIENT BEAM LOADING EFFECT
AT THE KEK-PF 2.5 GeV RING

PR Rl (LA TN, AR, g, S 2afE

Daichi Naito*, Naoto Yamamoto, Arata Motomura, Takeshi Takahashi, Shogo Sakanaka

High energy accelerator research organization

Abstract

In the ultra-low emittance light sources, the bunch lengthening using the double RF system is effective to mitigate the
intrabeam scattering. However, when the large gaps are introduced in the fill pattern of the electron bunches, the cavity voltages
vary transiently. Consequently, the performance of the bunch lengthening is degraded. To compensate for the transiently
induced voltages, we have proposed a compensation scheme using a broadband kicker. To test our compensation scheme, the
feed-forward modulation of the cavity voltage was implemented in the new digital low-level RF system for the PF 2.5 GeV
ring. In this paper, we report an experimental demonstration of the compensation for the induced voltage at the PF ring.
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Table 1: Beam and RF Parameters During the Demonstration

Parameter Value
Energy 2.5 GeV
Radio frequency 500.1 MHz
Beam current 0.1A
Energy loss per turn 428 KeV
Harmonic number 312
Number of bunches 156
Number of cavities 4
Total cavity voltage 1 MV
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Figure 1: Experimental setup of the compensation tests. The control part of the cavity voltage in the DLLRF is simplified in
this figure, and the control parts of the remaining three cavities are omitted.
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Figure 2: The estimation of the cavity voltage and bunch phase

variations during the compensation tests. The phase of cavity

voltage and bunches are subtracted from the phase when all

RF buckets are filled and the beam current is 0.1 A.
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Figure 3: Example of the amplitude modulation.

A

150 200 250 300 350
delay( Cg

o

oo
(-8ap) oseud young Jo SINY

o
IS

o
o

- 50 100

Figure 4: The estimated RMS of bunch phase with scanning
Amod and adelay-
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Figure 5: The estimation of the cavity voltage and bunch phase
variations with (Amod, Omod) = (0.014, 0).
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Figure 6: RMS of bunch phase between 40 and 150 buckets

as a function of the Ogclay.
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Figure 7: The bunch phase measured by the iGp. The electron
bunches were filled in the region where bunch index was 10
to 166. The bunch phase was shifted so that the phase of 88th
bunch became zero. The bunch phase with a bucket index of
less than 30 were not measured correctly due to the frequency
response of the phase detection.
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Figure 8: Waveform of amplitude and phase at the LLRF out-
put and the klystron output.
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Figure 9: The excitation of the phase modulation as a function

of the frequency in the amplitude modulation.
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Figure 10: The estimated RMS of bunch phase with scanning
Amod and Ogcly when the excitation of the phase modulation
is introduced.
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Figure 11: The bunch phase as a function of the bucket index
when the excitation of the phase modulation is introduced.
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