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Abstract

In many next-generation synchrotron light sources, installations of bunch-lengthening harmonic cavities are considered
in order to mitigate the influence of intrabeam scattering. We study the design of the TM020-type harmonic cavity which
utilises not the fundamental TMO010 resonant mode but the TM020 mode as the accelerating mode. This cavity has great
advantages as a bunch-lengthening harmonic cavity such as (1) reduction of the bunch-gap transient beam loading, and
(2) enabling to install compact parasitic-mode damper at the node of the magnetic field of the TM020 mode. In this paper,
we report some problems which we have found in the design study, and present reasonable solutions.
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Table 1: Fundamental Parameters of the TM020-type Har-
monic Cavity

Parameter Value
Frequency 1.5 GHz
Harmonic 3
R/Q 66 <)
Unloaded Q 32,000
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Figure 1: The magnetic field of the TM020 accelerating
mode in the TM020-type harmonic cavity.
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Figure 2: TM020-type harmonic cavity with a tuner.
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Figure 3: Schematic view of the influence of tuner insertion
on the TM020-mode magnetic field. (a) The monopole-
like, (b) dipole-like, and (c) quadrupole-like distortion of
the node of the magnetic field.

3. MEERDRE & MRE

B F a2 —F—% 2B EEHLU %A, RFIK
IR T DL ZLIBTE %% EEMIZHEME U 72,
Figure 5 IZ/R$ LD 2, Fa—F—% 1525 4E8H
WG EZEZ, Fa—F—2BOHEIZDOWVTIL,
1%%@%#%0?(%Ebt BL 90 EDOMEE

DI THREL 7256 @ﬁﬁ%@dbfﬁ]

-309 -



Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

PASJ2020 WEPP31

2.5

2.0
=15
‘f Max. limit of Py
\él.()- ------- > e S 7 Z8 SO A
o

0.5

0.0

—400 —200 0 200 400

Frequency variation (kHz)

Figure 4: Ratio of the absorbed power P, by the RF ab-
sorbers to the wall loss power Py, in the TM020 accel-
erating mode as the function of the detuning of the reso-
nant frequency. The points show the simulation results in
the case of using one tuner (calculated by CST MW Stu-
dio, Eigenmode Solver). The solid line shows the fitting
by quadratic function.
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Figure 5: Layouts of tuners considered in this design study.
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Figure 6: Configuration of frequency-domain simulation
for the reflection coefficients.
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Figure 7: Magnetic fields of the propagating modes in the
coaxial line (the parasitic-mode damper) whose cut-off fre-
quencies are lower than 1.5 GHz.
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Table 2: Cut-off Frequencies of the Propagating Modes in
the Coaxial Slots

Mode Cut-off frequency (GHz)
TEM 0

TEI11 0.385

TE21 0.771

TE31 1.156
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Figure 8: Traces of reflection coefficients at frequencies
close to 1.5 GHz. The reflection coefficients in different
propagating (TEM, TE11, TE21, TE31) modes are indi-
cated by different colors (those are blue, orange, green, and
red, respectively). The reflection coefficients are shown in
the polar coordinates.
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Figure 9: External Q values between the TM020 acceler-
ating mode and the propagating modes of the coaxial slot.
The external Q values are calculated from the reflection co-
efficients in Fig. 8. The external Q’s greater than 1 x 108
are shown by the arrows.
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Figure 10: Ratio of the absorbed power P,,s by the RF ab-
sorbers to the wall loss power Py, in the TM020 acceler-
ating mode as the function of the detuning of the resonant
frequency. The points show the simulation results in the
cases of using one, two, and three tuners. The solid lines
show the fittings by quadratic function.
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