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Abstract

In ultra-low-emittance synchrotron light sources, the intrabeam scattering (IBS) is a serious concern. To mitigate
the IBS, the bunch lengthening using the fundamental and harmonic cavities is employed. The performance of such
bunch-lengthening scheme is very sensitive to the change of the cavity voltages caused by the effect of the transient beam
loading (TBL). To compensate the TBL, a compensation method using a broad-band cavity is proposed. In this scheme,
the change of the RF phase on each electron bunch is monitored and used to calculate the feedforward pattern of the
compensating voltage. To realize this scheme, we have been developing the monitor system. In this thesis, we investigate

the monitor method of the RF phase.
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Figure 1: Schematic view of the compensation system to
mitigate the TBL effect.
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Table 1: Parameters of the KEK-LS [6]

Parameter Value
Beam energy 3 GeV
Momentum compaction factor ~ 2.19x10~%
Average beam current 0.5A
Beam current per bunch 1 nC
Bunch interval 2 ns
RF frequency (fundamental) 500.07 MHz
Harmonic number 952
Number of bunch gaps 2
Number of buckets in a gap 30
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Figure 2: The time shift of the bunch center caused by the
TBL effect.

VFX Yy THFET B 72D, IR E R AiHE
BNt L 5, ZOHEEE—- RHTE—LAKY Y a v
E=X— (BPM) & AW THIE L 72N> F IO —4H#i
% Fig. 4 {2/, BPM @A UK % Fig. 5 &EM
L. N F AR gaussian 72 L ARET 5 & Bl X 0
Y ER=AES

@uf} W

A
V(t)a?,(tu)exp{ -
CEMTES 9], ZZTARMABLSIEIER
DER. p FINVFHL, o FNVFEEZRT, o
T Fig. 4 TR %2 @ T BALED N Y F il
LB,

Table 2: Parameters of the KEK PF at the Hybrid
Mode

Parameter Value
Beam energy 2.5 GeV
Momentum compaction factor 6.56x1073
Average beam current 045A
Beam current per bunch? 2nC
Beam current of single bunch 18.7 nC
Bunch interval 2 ns
RF frequency (fundamental) 500.07 MHz
Harmonic number 312
Number of bunch in single bunch train 131
Number of bunch gaps 2
Number of buckets in a gap 90

2 In the bunch train.
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Figure 3: Filling pattern of the KEK PF at the hybrid mode.
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Figure 4: An example of the waveform detected by the
beam position monitor.
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Figure 5: Equivalent circuit of the BPM system.
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Figure 6: Setup of the phase measurement.
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Figure 7: Phases shift of the bunch center calculated by the
fitting method.
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Figure 8: Example of the waveform at the input and output
of the bandpass filter. Black line shows the waveform at
the input and red line shows that ate the output.
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Figure 9: The distribution of the IQ phase with the BPF
whose bandwidth is 30 MHz.
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Figure 10: The correlation between the bandwidth of the
BPF and the slope the phase shift.
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Figure 11: The correlation between the stored current and
the slope the phase shift.
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Figure 12: Waveform of the single bunch (black) and its
superposition (red).
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Figure 13: The phase shift calculated from the superposi-
tion of the singe-bunch waveform.
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