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Higher-Order-Mode (HOM) damped accelerating cavity structures play a significant role in high-luminosity
electron-positron colliders such as the B-meson factbries of KEKB and PEP-1I operated with beam currents
over 1 A. The coupled-bunch beam instabilities driven by long-lived higher order modes trapped in cavity
structures should be suppressed first in order to raise the stored current limit. Various types of HOM-damped
cavity structures have been proposed so far to boost the collider performance toward the luminosity frontier.

This thesis describes a series of studies on a HOM damping scheme with “grooved beam pipe” structures,
from its original concept started with breaking the cylindrical symmetry of “single mode cavity” well known
as the oldest HOM damping scheme in 1980’s, through computer-aided analysis on its RF properties followed
by benchmark experiments, finally to its application to the normal-conducting RF cavity system developed and
successfully operated for KEKB. The essence of the grooved beam pipe scheme is to selectively lower the
cutoff frequency of the TE11 mode propagating through the circular beam pipe below the lowest TM110-like
dipole mode of the accelerating cavity by grooving the inner wall of the beam pipe. Moreover, this scheme
could be more suitably applied to super-conducting (SC) cavities because waveguide apertures or ports
dedicated to HOM damping are not allowed usually in the SC accelerating cell to avoid quenching under high

accelerating gradients.

The contents of the thesis are as follows:

Chapter 2 starts with a cylindrically symmetric “single mode cavity”, briefly reviewed with a problem
related to the lowest dipole mode still trapped in the cavity. Then, the idea of “grooved beam pipe” of
non-cylindrical symmetry is introduced in order to damp the last HOM by selectively lowering the cutoff
frequency of the TE11 mode propagating in the original circular beam pipe. Next, the HOM damping with a
grooved beam pipe structure are analyzed with use of a three-dimensional (3D) electromagnetic simulation
code. The analysis procedure is generally based on Slater’s “tuning curve method” for waveguide-loaded
cavities. Also, the effect of the grooved beam pipe on the accelerating mode is investigated. That is because
HOM damping is usually accompanied with some degradation in the Q value of the accelerating mode. The
latter part of Chapter 2 describes the experiments with 20%-scale model cavities, as the benchmark for further
R&D, and compares those results with the above 3D simulation results.

Chapter 3 describes the application of the “grooved beam pipe” method to the normal conducting (NC) RF
cavity system developed for KEKB, which is a high-luminosity electron-positron collider with unequal beam
energies, consisting of the High Energy Ring (HER) for the 8-GeV electron beam and the Low Energy Ring
(LER) for the3.5-GeV positron beam. The luminosity goal for KEKB is set at 1x 10*cm™s™, which is very
challenging, in order to produce very large sample of B mesons for an exhaustive study of CP violation in the
B meson system. In addition to the HOM-related instability problems mentioned before, the bperation of NC
cavities under heav.y beam loading conditions would give rise to another serious problem. That is the
longitudinal coupled instabilities driven by the accelerating mode itself, whose resonant frequency is usually
detuned toward the lower side from the RF frequency in order to compensate for the reactive component of the
beam-induced cavity voltage. When this detuning becomes comparable to the beam revolution frequency or

larger, violent longitudinal coupled-bunch instabilities would be unavoidable. Needless to say, we are not




allowed to damp the accelerating mode like the HOMs. In order to solve this problem, a three-cavity system
operated in the sz /2 mode has been developed for KEKB, in which an accelerating cavity is resonantly
coupled with an energy storage cavity via a coupling cavity between. The storage cavity is used in order to
reduce the detuning by increasing the ratio of the electromagnetic stored energy of the accelerating mode to the
beam loading. Moreover, the coupling cavity is equipped with a parasitic mode damper against the 0 and
77 modes emerging at both side of the sz /2 mode. This coupled cavity system was later named ARES, which
is the acronym for Accelerator Resonantly coupled with Energy Storage. Needless to say, the accelerating
cavity itself of this ARES system must be a HOM-damped cavity, too. Furthermore, the HOM-damped
structure needs to be fairly compatible with the ARES scheme. That is an inevitable structural boundary
condition, i.e. two coupling apertures at both sides of the accelerating cavity: one toward the coupling cavity,
and the other toward a half-cell coupling cavity for the sz /2 mode termination keeping the accelerating field
symmetrical with respect to the vertical mid plane including the beam axis. In a similar way in case of SC
cavities mentioned before, the grooved beam pipe scheme could be applied to HOM damping of the ARES
system to meet this boundary condition. The HOM-damped structure actually developed for the ARES system
is as follows. Four straight rectangular waveguides are brazed directly to the upper and lower sides of the
accelerating cell for damping the monopole HOMs, and the dipole HOMs deflecting the beam in the vertical '
direction. The HOM power extracted from the cavity is guided through each straight waveguide in the vertical
direction, and through an E-bend waveguide in the horizontal direction, finally to the end with two
bullet-shape sintered SiC ceramic absorbers. Moreover, for damping the dipole HOMs deflecting the beam in
the horizontal direction, two grooved beam pipes are attached to both end plates of the accelerating cell. This
grooved beam pipe structure is of twofold symmetry, where two grooves-at the upper and lower sides of the
original circulaf pipe with an inside diameter of 150 mm. In each groove, eight SiC ceramic tiles are arranged
in a line, where the extracted HOM power is dissipated.

Chapter 4 describes the performance of the ARES cavity, focusing on its HOM damping properties and
comparing the HOM power dissipation data with theoretical predictions. In December 1998, the
commissioning of the HER of KEKB was first started with 6 ARES cavities and 4 superconducting cavities,
and followed by the commissiox;ing of the LER with 12 ARES cavities in January 1999. In the summer
shutdown of 1999, the number of ARES cavities in the LER was increased from 12 to 16, and in the HER from
6 to 10. The beam currents of both rings were increased stepwise: overcoming many difficulties, for example,
with movable mask devices; and improving the machine performance, for example, with solenoid windings in
the LER in order to suppress photo-electron clouds causing a blowup of the beam size. As a whole, the ARES
cavities armed with the “grooved beam pipe” structures have performed well as expected, stably supporting
the beam currents up to 1400mA in the LER and up to 900mA n the HER. Troubles and accidents, which we
have encountered so far, could be roughly categorized into two groups: infancy problems especially with
accessory devices emerging in a long term operation, and cavity problems attributed to quality control issues
usually incompatible with the stringent cost goals in the production phase. Focusing on the HOM damping
performance, we have not encountered any troubles or coupled-bunch instabilities so far. In addition,
fortunately, the HOM loads currently used for the ARES cavity have ample margins for higher beam currents.
These facts lead us to conclude that the ARES cavity system armed with the grooved beam pipes has been

successfully demonstrated, and is expected, with its growth potential, to boost KEKB toward the high



luminosity frontier beyond 1x 10**em™s™.

In the last chapter, other “grooved beam pipe” applications are discussed, together with an example of
HOM-damped SC cavity with a grooved beam pipe of fourfold symmetry developed for the Cornell B-Factory.
In addition, a conceptual design of upgrading the grooved beam pipe structure, including HOM absorbers, for

a future project following KEKB is discussed.
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