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Abstract

A 500 MHz normal-conducting (NC) cavity is being de-
veloped for Super Tau-Charm Main Rings which have a
current of 2 A and a synchronous radiation energy loss of
410 keV per turn. This NC cavity operates in a higher order
mode of TMoao. Through optimizations, it results in a high
quality factor and a low R/Q. This feature is beneficial to
reduce the required detuning frequency so that the coupled
bunch instabilities (CBIs) driven by the accelerating mode
are greatly suppressed. It employs ferrite absorbers inside
coaxial slots located at the node of the TMg»9 mode to heav-
ily damp all of dangerous parasitic modes except from the
TMozo mode.

INTRODUCTION

The Super Tau-Charm facility (STCF) [1] is an electron-
positron collider proposed by the Chinese particle physics
community. It is designed to operate in a center-of-mass
energy range from 2 to 7 GeV with a peak luminosity of
0.5 x 10* cm™2s™! or higher. For the electron and positron
main rings, the designed current is 2 A and synchrotron ra-
diation energy loss per turn is 410 keV. In order to compen-
sate the energy loss for both rings, a RF system is required
to provide an accelerating voltage of 3 MV and a beam
power of 820 kW for each main ring.

Table 1: Different RF Schemes for Each Main Ring

KEKB ARES PEP-II
SC NC NC

Bessy-

Parameters IINC

Number of
cavities

Each cavity
voltage [kV]
Each cavity
beam power
(kW]
Characteris-
tic  imped- 93 15 234 230
ance [Q]
Each cavity
total power
(kW]

Each cavity
detuning fre-

quency
[kHz]

3 5 4 10

1000 600 750 300

273.3 164 205 82

273.3 373 2854 95

46 12 155 380
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Such a RF system can be superconducting (SC) cavities
or normal-conducting (NC) cavities. A SC cavity can sus-
tain an accelerating voltage (=1.5 MV) much higher than
that of a NC cavity (0.3 ~ 0.85 MV). However, it is much
easier and cheaper for maintenance on a NC cavity than a
SC cavity during operation. Four kinds of RF schemes are
assumed for each main ring of STCF including a SC
scheme (KEKB [2]) and three NC schemes (PEP-II [3],
Bessy-11 [4], ARES [5]). All of these RF schemes are heav-
ily-damped cavities by employing HOM absorbers in the
beam pipe, in the waveguide or in the coupler [6-7]. After
calculations, the ARES NC cavity has a lowest detuning
frequency of 12 kHz while the Bessy-II NC cavity has a
highest detuning frequency of 380 kHz, as shown in Table
1. The RF system works at a frequency of 499.7 MHz and
the harmonic number for main rings is 1360, so the revolu-
tionary frequency is calculated to be 367.4 kHz. When the
detuning frequency of RF cavity is close to the revolution-
ary frequency, longitudinal coupled-bunch instabilities
(CBIs) caused by the accelerating mode prevent storing a
large beam current. In this case, a feedback system using
comb filters is required to suppress these instabilities. The
ARES cavity is a three-cavity system [5] developed for
KEKB in order to suppress these CBIs due to large detun-
ing of the accelerating mode from the RF frequency for
beam-loading compensation. The RF system based on the
ARES cavities doesn’t require any feedback systems.

The TMpo-type RF cavity [8-9] was first proposed as a
heavily-damped accelerating cavity for the SPring-8-1I up-
grade project. Such a cavity has several advantages: it has
a very high quality factor and a low R/Q which greatly re-
duces the CBIs driven by the accelerating mode; it adopts
a simple and compact HOM-damping scheme by attaching
absorbers into the slots of cavity body. It should be noted
that HOMs are all of harmful parasitic modes which cause
CBIs in this paper. Taking these advantages into account, a
new 500 MHz NC cavity working at a mode of TMoyy is
designed for main rings of STCF in this paper including
optimizations on the cavity geometry and HOMs analysis.

RF DESIGN

Anew 500 MHz NC cavity is designed for main rings of
STCF with the aim to provide an accelerating voltage of
>0.5 MV.

Geometrical Optimizations

The TMozo-type RF cavity in SPring-8-1I project em-
ploys a cavity geometry with noses in order to achieve a
high shunt impedance. However, these noses impose a poor
Ep/Eacc = 2.8 [8-9], which is an issue for achieving a high
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accelerating voltage in high-power tests. In order to im-
prove Ep,/E,c, a geometry without noses is chosen for our
new cavity. CST Microwave Studio [10] is used for the
modelling which can be seen in Fig. 1.

HOM absorbers
noses
i / \“
', ( 2

(a) (b)

Figure 1: Modelling of geometry (a) without noses and (b)
with noses for the new NC cavity.

Through the tracking simulations, it was found that a RF
cavity with a R/Q < 100 Q greatly reduces the CBIs driven
by the accelerating mode for main rings of STCF. So the
optimizations are performed to generate a R/Q < 100 Q.
Two symmetrical slots are used to transport all of HOMs
into them and then HOMs are damped by the absorbers in-
side slots. It should be noted that the HOM slots are located
at the nodes of the magnetic field for TMozo mode. In this
case, the electromagnetic fields are absent from slots. The
absorbers inside the slots do not have any effect on the elec-
tromagnetic fields of the TMg20 mode, but only absorbs the
other modes which are HOMs in this paper. Through
sweeping the radial position of slots, it is found that maxi-
mum unloaded quality factor is obtained at a position of
d = 362.5 mm, as shown in Fig. 2. Figure 3 shows the cor-
responding electric and magnetic fields for the TMo20 mode
inside the cavity with slots. It can be clearly seen that slots
are located in the radial position which has the weakest
electric and magnetic fields.

Through optimizations, RF parameters for this new NC
cavity are listed in Table 2. It can be found that this new
NC cavity generates an Ej,/E,.. = 1.92 which is much
better than that of previous TMoao-type cavities. This new
NC cavity has a low R/Q = 84.4 Q, which is beneficial to
greatly reduce the CBIs driven by the accelerating mode.
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Figure 2: Unloaded quality factor @, as a function of slots
radial position d.
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Figure 3: (a) Electric and (b) magnetic fields for the TMo20
mode.

Table 2: Optimized RF Parameters for New NC Cavity

RF parameters

Working mode TMao20
frequency f[MHz] 499.7
Unloaded quality factor Q, 62828
R/Q [Q] 84.4
Ep/Eace 1.92
2.64

Considering each cavity provides an accelerating volt-
age of 0.5 MV, the RF system for each STCF main ring
adopts 6 cavities using such a TMpo-based cavity to meet
the requirement, as shown in Table 3. The corresponding
detuning frequency is calculated to be 84 kHz. This means
that RF system does not require any feedback doesn’t re-
quire any feedback systems for the accelerating mode.
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Table 3: New NC Cavities for Each Main Ring

Parameters TMoz20 NC cavity
Number of cavities 6
Each cavity accelerating volt- 05
age [MV] ’
Each cavity beam power [kW] 137
Each cavity total power [kW] 184
Each cavity detuning frequency 34
[kHz]
HOMs Analysis

After geometrical optimizations, we need to perform
simulations in order to see whether all of harmful modes
are strongly damped. RF absorbers mainly include magnet-
ical ferrite and electrical silicon carbide (SiC). In our sim-
ulations, the ferrite absorbers are fitted into the slots to
damp all of harmful parasitic modes except from the accel-
erating mode of TMyo.

By comparing the simulation results with and without
ferrite absorbers, the simulated frequencies and unloaded
Q, for the principal parasitic modes are summarized in Ta-
ble 4. These simulations are performed by using the
Eigenmode Solver of CST Microwave Studio while omit-
ting the input coupler and frequency tuners.

Table 4: RF Properties (Frequency / Unloaded Quality
Factor Q) of Harmful HOMs for the New NC Cavity

ISSN: 2673-5490

HOMs Without any ab- With ferrite absorb-
sorbers] ers]

TMoo  217.114 MHz /34823 218.477 MHz/ 18
TMip  345.888 MHz /49557 346.758 MHz / 64
TM,; 0 464.209 MHz /58812 464.527 MHz /251
TEi1 611.072 MHz /43710 615.133 MHz/ 67
TMi  630.273 MHz/ 68652 631.276 MHz /237
TMor1 637.855 MHz /32348 648.850 MHz /24
TEo11 677.895 MHz /62211 677.895 MHz / 62210
T™Min 697.953 MHz /37300 706.044 MHz /34
TMoso  773.740 MHz /57691 779.391 MHz /75
TMo21 798.816 MHz / 45790 800.320 MHz /264

It can be found that all of harmful parasitic modes are
heavily damped for our new 500 MHz NC cavity except
the TEO11 mode. However, R/Q = 9.9 x 1078 is obtained
for the TEO11 mode, so the shunt impedance is calculated
to be 0.006 Q, which has a negligible effect on the beam
instabilities. This means that CBIs due to harmful parasitic
modes can be greatly suppressed for main rings of STCF.
Wakefield Solver will be used to simulate the impedance
for all of harmful parasitic modes in a large frequency
range (800 MHz~5 GHz) in the next step.
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CONCLUSION

A new 500 MHz NC cavity has been preliminarily de-
signed for the main rings of STCF including geometrical
optimizations and HOMs analysis. Through optimizations,
a very high quality factor of 62828 and a low R/Q = 84.4
Q) has been obtained for this new cavity. By fitting a pair of
ferrite absorbers into the slots which are located at the inner
wall of cavity body, preliminary simulations show that all
of harmful parasitic modes except from the TMpz mode
are significantly damped. Further studies are undergoing
including the input power coupler, frequency tuner and low
level RF control system development.
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