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Abstract

In the 6.5-GeV synchrotron light source PF-AR at KEK, beams are accelerated using six 11-cell APS (Alternating
Periodic Structure) cavities which provide total RF voltage of 16 MV. Each accelerating cell of the APS cavities is
equipped with a higher-order-mode (HOM) coupler in order to damp unwanted HOMs in the cavities. Electromagnetic
wave that is extracted from the HOM coupler is guided to a 3-kW dummy load (HOM load) through a WX-20D coaxial
cable (HOM cable). In recent years, we experienced a few troubles in which some of the HOM cables were broken due
to overheating during the PF-AR operation. To avoid further troubles, we renewed all of seventy HOM cables during
the summer shutdown in 2019. At the same time, we overhauled seventy HOM loads, as well as renewed degraded
polyethylene insulators of the HOM couplers. The renovated HOM cable system is working satisfactorily.
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Table 1: Principal Parameters of the PF-AR

Beam energy 6.5 GeV 5 GeV
Radiation loss/turn 6.66 MeV 2.33 MeV
RF voltage 16 MV 8§ MV
Natural bunch length 53.7 ps 50.0 ps
RF frequency 508.57 MHz
Harmonic number 640

Operation mode single bunch

Beam current 50 — 55 mA (top-up)
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Figure 2: Picture of four APS cavities as installed in the
east straight section of the PF-AR.
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Figure 3: HOM coupler [2] for the PF-AR.
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Table 2: Troubles in the HOM Cables at the PF-AR

Date Case
2018/5/28 Overheating in a HOM cable
2018/6/14 Overheating in a HOM cable
2019/3/5 Overheating in a HOM load and a HOM
cable
2019/5/18 Overheating in a polyethylene insulator

of a HOM coupler

Figure 4: Cases of troubles. (a) Damaged HOM cable, and
(b) damaged insulator of HOM coupler.
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Figure 6: Design of a new HOM cable.
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Table 3: Estimation of Power Capacity of the New HOM
Cable at an Operating Frequency of 1.385 GHz

Component (use conditions) Capacity
Coaxial cable (ambient temperature: 35°C, ~1.1kW
maximum temperature of inner conductor:

80°C, load VSWR: 1.5)

Coaxial elbow (outer temperature: 40°C, ~720 W

maximum temperature of inner conductor:
80°C, load VSWR: 1.5)
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Figure 7: Picture of the renovated HOM cable system.
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Figure 8: Spectrum of HOM signal from a HOM coupler
E1-4 at a beam current of 50 mA and a beam energy of
6.5 GeV. Abscissa: frequency (0—3 GHz), ordinate:
signal level (10 dB/division).
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Table 4: Estimated Powers of HOMs from the Spectrum
Measurement

Frequency (GHz) of each peak HOM power (W)
0.865 231
1.385 127
1.952 16
2.129 23%*
2.349 26%*
2.954 11*

* Not accurate due to inaccurate coupling coefficient.
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Table 5: Summary of HOM-Powers from Spectrum
Measurement and Calorimetric Measurement

HOM coupler (method) 6.5 GeV, 50 mA 5 GeV, 50 mA
E1-4 (spectrum) 434 W 431 W
E1-4 (calorimetric) 437 W 481 W
E2-4 (spectrum) 384 W SI5W
E2-4 (calorimetric) 504 W 547 W
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