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Abstract

A hybrid filling mode with a high-current single bunch and a train of low-current bunches allows for simultaneous
operation of high intensity and time-resolved experiments. At KEK Photon Factory since FY2017, the single bunch
current is limited by around 30 mA due to beam-duct heat problems and shortening of the beam lifetime caused by single
and multi-bunch instabilities. In order to increase the single bunch current, the bunch lengthening with harmonic RF
cavities is investigated. When the bunch charge becomes higher, the ring impedance as well as the harmonic rf voltage
affects the equilibrium bunch length and the beam stabilities. Then, the impact from the harmonic RF cavities and the
ring impedance to the PF hybrid operation mode is studied by using the multi-particle tracking code “MBTRACK”. As
a result, it is found that the bunch lengthening operation with the ideal “flat potential” condition can be expected for the
high-current single bunch by using two 1.5 GHz normal conducting cavities.
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Figure 1: Longitudinal profile (blue) and gaussian-fitted
curve (red) of electron bunch at the bunch current of 30 mA.
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Figure 2: Bunch length as a function of the bunch current.
The measurement (fitted) values are plotted by red circles
together with the predictions by using Eq. 1 (green line)
and MBTRACK code (blue triangles).

Table 1: PF-ring Parameter for Calculations

Parameter Symbol  Value

Beam energy Ey 2.5 GeV

RF frequency frr 500.094 MHz
Main RF voltage Vi 1.7 MV
Harmonic number h 312

Energy loss per turn Uy 399 keV
Average radius R 29.77 m
Momentum compaction Qc 6.56 x1073
Synchrotron tune N 0.01468
Natural bunch length 0o 32.4 ps (rms)
Natural relative energy spread dE/E 7.3 x1073
Longitudinal damping time Te 3.9 ms
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Table 2: Parameter of Main and Harmonic Cavities

Parameter Main rf 3rd Harmonic rf
Cavity number 4 1/2
R/Q,R=V2/P. 174Q 80
Unloaded @ 39000 37500
Coupling factor 3.5 0
Total cavity votage 1.7 MV 160 /298 kV
Synchronous phase ~ 1.304 rad -1.770 /-1.731 rad
Detuning frequency -44.1 kHzrad 146/ 152 kHz
ETH 5 [19],
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Figure 3: Bunch length along the bunch index, asuuming
the use of two harmonic cavities.
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Figure 4: Longitudinal bunch profile of the single bunch

havin the bunch current of 50 mA.
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Figure 5: Total voltage seen by the single bunch.

Table 3: Summary of the Bunch Length Estimation

Bunch current  Bunch length
Natural bunch length - 32.5ps
Measurement at FY2012 [2] 50 mA 56.3 ps
Measurement at FY2017 30 mA 45.2 ps
MBTRACK, 1 HC 50 mA 66.4 ps
MBTRACK, 2 HCs 30 mA 65.9 ps
MBTRACK, 2 HCs 50 mA 73.3 ps
Ideal case - 76.3 ps
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