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Abstract

The TM020-type RF cavity has advantages of mitigating bunch-gap transient effects and enabling to introduce a compact
parasitic-mode damping mechanism. We have suggested the use of this cavity as 1.5-GHz bunch-lengthening harmonic
cavity for the future synchrotron light sources and fabricated its low-power model. Three frequency tuners are employed
in order to improve the rotational symmetry of this cavity. For the power-coupling between a coaxial line and this cavity,
we adopted a unique fan-shaped input coupler in order to reduce the perturbation to the accelerating field. To damp the
harmful parasitic modes, the coaxial slots were installed at the node of the TM020 magnetic field. In this paper, we present
the results of the low-power tests: the principal properties of the TM020 accelerating mode and the damping performance

of the parasitic modes.
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Figure 1: Inner shape of the TM020-type harmonic cavity
(unit: mm).
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Figure 2: Simulation results of (a) the longitudinal and (b)
the transverse coupling impedances per cavity. The solid
and dotted lines show the simulation results obtained by
CST Studio Wakefield Solver and Eigenmode Solver,
respectively. The pink dashed lines show the targets of the
coupling impedances per cavity for the case of KEK-LS.
The black vertical lines show the cut-off frequencies of
TMO1 and TE11 propagating modes of the beam pipe.

Coupler

Figure 3: Simulation model of the TM020-type cavity with
an input coupler, three frequency tuners, and ferrite-
dampers. The inset shows the design of the fan-shaped
loop coupler.
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Table 1: Summary of the Principal Parasitic Modes
Obtained by CST Simulations

Frequency Raw/Qo
(GHz) Qo or
R1/0Q0
TMO010 0.552 53 122 Q
T™110 1.044 10.5 1.26 kQ/m
TM120 1.864 49.5 1.10 kQ/m
TE121 2.330 7,120 59.0 Q/m
T™™O021 2.545 30.2 15.1Q
™121 2.768 284 847 Q/m
TMO031 3.308 335 14.0Q
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Table 2: Design Parameters of the TM020 Accelerating
Mode

Frequency 1.500 00 GHz (3rd harmonic)
Rsv/Qo 68.1 Q/cavity
Unloaded Q, Qo 32.100
Coupling factor of the input
coupler 026
RF voltage 155 kV/cavity

Wall loss power

11 kW/cavity
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Figure 4: Pictures of the low-power model, the 3D-CAD image, and several components: (a) the assembly, (b) the
schematic view of the 3D-CAD model of the structure, (c) the movable frequency tuner, (d) the input coupler, (e) the
main part, (f) the end disk with nose cone, (g) the fixing plate, and (h) ferrite blocks with its support.
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Table 3: Principal Parameters of the TM020 Accelerating
Mode (Measured)

1.499 36 GHz*
12,700

Frequency

Unloaded Q

*The frequency measured was converted to the value in
vacuum.
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Figure 5: Measured external Q of the input coupler as a
function of the coupler loop angle. The solid line
represents the simulation result obtained by CST MW
Studio Frequency-Domain Solver.

1499.40 1
N
T 1499.35|
*1499.30

1499.251

Fr (‘(lll(‘ll('\' (N

1499.20

0 0 20 30 0 50 60 70 80
Coupler angle (deg)

Figure 6: Measured resonant frequency of the TM020
accelerating mode as a function of the coupler angle.
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Figure 7: Frequency shift of the TM020 mode as a function
of the tuner insertion length per tuner.
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Figure 8: The Q value Qabs of the TM020 mode which is
associated with absorber loss as a function of the resonant
frequency offset. The points indicate the measurement data
and the dashed lines represent the simulation results by
CST MW Studio Eigenmode Solver. The horizontal
dotted-dashed line shows the upper limit of the 1/Qabs.
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Figure 9: Measured spectrum of the transmission
coefficient from the input coupler to the probe.
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Table 4: Measured Parameters of Several Parasitic Modes

Mode Frequency Qo

(GHz) Measurement Target
TMO010 0.581 34.0 <39.2
T™M110 0.974 23.8 <36.6
TM120 1.880 40.1 <419
TE121 2.329 3,040 <780
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