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Abstract

The Super Tau-Charm Facility (STCF) is a next-
generation electron-positron collider under development,
with a designed center-of-mass energy of 2 GeV to 7 GeV.
Positrons generated by a high-energy electron beam striking
a target are captured and accelerated to 200 MeV using large-
aperture traveling-wave accelerating structures to reduce
beam loss. A constant-aperture cavity geometry, in which
the group velocity is controlled by the nose-cone length, is
proposed to simplify fabrication while maintaining a high
accelerating gradient. A pulse compressor is incorporated
into the RF system to further enhance the effective RF power.
This paper presents the RF design and optimization of 2 m
and 3 m large-aperture accelerating structures, both achiev-
ing gradients above 15 MV/m.

INTRODUCTION

The Super Tau-Charm Facility (STCF) is a next-
generation electron—positron collider designed for ultra-high
luminosity operation, featuring high beam current, low emit-
tance, and short beam lifetime. These characteristics impose
stringent requirements on the injector and beam injection
system.

STCF adopts a full-energy injection scheme, in which
both electron and positron beams are accelerated by the linac
to the storage-ring injection energy over the range of 1 GeV
to 3.5 GeV. The facility operates in top-up mode, requiring
continuous injection of high-charge, low-emittance beams
at the specified repetition rate [1].

The positron beam is generated by a high-energy elec-
tron beam striking a target. Due to the large energy spread
and poor beam quality of low-energy secondary positrons,
conventional small-aperture structures provide low capture
efficiency. To reduce beam loss and improve positron trans-
mission efficiency, large-aperture traveling-wave accelerat-
ing structures are adopted.

Unlike conventional disk-loaded structures, the positron
capture section employs constant-aperture accelerating struc-
tures with lengths of 2 m, 2 m, and 3 m, operating at gradi-
ents above 15 MV/m. This paper presents the RF design and
optimization of these structures, including the RF system,
operating mode, aperture, and cavity geometry.
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RF SYSTEM

STCF operates primarily in single-pulse mode. There-
fore, room-temperature traveling-wave accelerating struc-
tures with pulse compressors are adopted in the RF sys-
tem [1]. To satisfy the high bunch-charge requirement, the
linac operates at an S-band frequency of 2998.2 MHz.

A spherical pulse compressor with a dual-polarization-
mode coupler is employed [2]. For a square input power
envelope, the compressed output waveform exhibits expo-
nential decay. Therefore, a shorter filling time results in a
higher average accelerating gradient.

The pulse-compressor gain factor [3], defined as the ratio
of the output voltage amplitude to the input voltage ampli-
tude, is expressed as
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where 7, and T, are the filling times of the accelerating
structure and pulse-compressor cavity, respectively; g is
the ratio of the residual output power to the input power of
the accelerating structure and is related to the attenuation
constant; and « is determined by the coupling of the pulse-
compressor storage cavity.

Microwave power is supplied by a single 40 MW klystron
feeding two accelerating structures, with an estimated waveg-
uide loss of 0.6 dB. The effective RF power is calculated
using the pulse-compressor gain factor by Eq. 1.

RF DESIGN OF LARGE-APERTURE LINAC
STRUCTURE

Mode Selection and Aperture Optimization

Compared with conventional disk-loaded waveguide struc-
tures, the proposed large-aperture accelerating structure
adopts a constant-aperture geometry with chamfers on both
sides of the iris. The group velocity and related RF parame-
ters are controlled by varying the nose-cone length. A higher
group velocity reduces the achievable accelerating field for a
given input power, but shortens the filling time and increases
the pulse-compressor gain. Therefore, the group velocity
must be optimized to maximize the effective accelerating
gradient.

Since both the operating mode and iris aperture affect
the group velocity and RF performance, these parameters
are optimized simultaneously. Four iris apertures, 2a =
30mm, 40 mm, 50 mm and 60 mm, together with three op-
erating modes, 27 /3, 377 /4, and 47 /5, are investigated.
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Figure 1: Accelerating gradient and peak field for different operating modes and iris apertures.

Table 1: Accelerating Gradient for Different Iris Apertures
in the 277 /3 Mode

Iris diameter Accelerating gradient

[mm] [MV/m]
30 20.74
40 13.80
50 9.11
60 6.09

A parameter scan is performed for all combinations. All
RF parameters are calculated using SUPERFISH [4]. For the
cases of 2a = 50 mm and 60 mm, the achievable accelerating
gradients are significantly lower than the design target of
15MV/m (Table 1). Neither changing the operating mode
nor optimizing the cavity geometry can satisfy the gradient
requirement.

The results for the 2a = 30 mm and 40 mm structures are
shown in Fig. 1. Since the local field enhancement increases
with nose-cone length, a linearly tapered gradient profile is
adopted to equalize the breakdown risk along the structure.
When the group velocity becomes excessively high, the in-
crease in pulse-compressor gain cannot compensate for the
reduction in shunt impedance. Among all configurations, the
2a = 30 mm structure operating in the 257 /3 mode achieves
the highest average accelerating gradient while maintaining
the low peak electric field. Therefore, this configuration is
selected for the final design.

Geometric Design of Regular Cells

In the design of the accelerating-structure cells, the main
RF parameters of interest are the shunt impedance R, qual-
ity factor Q, and peak electric field E, . Higher R and O
improve the accelerating gradient and reduce RF power loss,
while a lower E,, decreases the breakdown probability
and improves operational reliability. These parameters are
mainly determined by the cavity geometry [5]. To optimize
the RF performance while maintaining reasonable fabrica-
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Figure 2: Comparison of different cavity geometries: (a)
typel, (b) type2, (c) type3, and (d) type4.

tion complexity, four cavity geometries are investigated, as
shown in Fig. 2.

Cavity type 1 is based on the FCC-ee positron accelerating
structure design [6], in which the disk thickness varies with
the nose-cone length over the range of 7mm to 12 mm. The
increased nose-cone volume reduces the shunt impedance
and quality factor compared with conventional structures,
resulting in higher RF loss. In addition, the large disk thick-
ness increases the total structure weight, while the cell-to-
cell geometric variation increases fabrication and brazing
complexity.

Cavity types 2, 3, and 4 employ constant disk thickness.
In cavity type 2, circular chamfers with constant radius are
applied on both sides of the iris. In cavity type 3, the chamfer
radius increases with nose-cone length instead of shifting the
chamfer center position. In cavity type 4, elliptical chamfers
with constant size are applied on both sides.

The RF performance of the four cavity types at the same
average accelerating gradient are shown in Fig. 3. Cavity
types 2, 3, and 4 exhibit higher shunt impedance than cavity
type 1 as shown in Fig. 3(c), but also higher peak electric
field as shown in Fig. 3(b). Compared with circular cham-
fers, the elliptical chamfer provides smoother electric-field
transition near the iris edge, reducing local field enhance-
ment. Among them, cavity type 4 has a peak field closest
to that of cavity type 1, only 8% higher, while providing
a smoother gradient profile and higher shunt impedance.
Based on fabrication complexity and RF performance, cav-
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Figure 3: RF performance for different cavity types: (a) accelerating gradient, (b) peak field, and (c) shunt impedance.
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Figure 4: RF performance of optimized structures. Accelerating gradient 16.10 -
[MV/m]
Accelerating gradient with 21.59 20.90

ity type 4 is chosen for the regular cells of the large-aperture
accelerating structure.

Final Structure Parameters

The design parameters of the large-aperture accelerating
structure are summarized in Table 2. Pulse-compressed
configurations are presented for the 2 m and 3 m structures,
together with a 2 m structure operated without pulse com-
pression, as shown in Fig. 4. The average accelerating gra-
dients of the pulse-compressed structures exceed 21 MV/m,
while the non-compressed 2 m structure achieves an average
gradient of 16 MV/m.

The offset coupling scheme is adopted to minimize trans-
verse field asymmetry for the large-aperture structure. The
input coupler is designed using the three-frequency method.
The output coupler is designed using the Kroll method,
where undercoupling is adopted to suppress reflections [7].

CONCLUSION

The RF design of the large-aperture accelerating struc-
tures for positron capture and acceleration in STCF has been
completed. A pulse compressor is incorporated into the
waveguide system to enhance the effective RF power de-
livered to the accelerating structures. The operating mode
and iris aperture are optimized to achieve a balance between
high accelerating gradient and low peak electric field, while
the regular-cell geometry is optimized to improve the shunt
impedance and RF performance.

pulse compressor [MV/m]

With the pulse compressor, the operating gradients of
both the 2 m and 3 m structures exceed 21 MV/m. Without
pulse compression, the 2 m structure achieves an operating
gradient of approximately 16 MV/m. The proposed large-
aperture accelerating structures provide an effective solu-
tion for high-efficiency positron capture and acceleration in
STCF.
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