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Abstract

The Super Tau-Charm Facility (STCF) is a high-lumi-
nosity electron—positron collider currently under design,
featuring a single-bunch charge of up to 8 nC and an aver-
age beam current as high as 2 A. The swap-out injection
scheme imposes stringent requirements on the stripline
kicker (SLK), particularly regarding beam-induced heating
effects under high-current operation. In this work, the de-
sign and optimization of the STCF SLK are presented, with
special emphasis on impedance reduction and thermal-ef-
fect mitigation. Based on theoretical analysis and CST sim-
ulations, the loss factor, total parasitic power loss, and elec-
trode power dissipation are systematically evaluated. The
optimized structure with tapered transitions reduces the
loss factor and electrode thermal power deposition signifi-
cantly. Further thermal and mechanical analyses show that
the maximum electrode temperature and thermal defor-
mation remain within acceptable limits, while their influ-
ence on the electromagnetic field distribution is negligible.
The results demonstrate that the optimized SLK.&atisfies
the operational requirements of the STCF under high beam
current conditions.

INTRODUCTION

The Super Tau-Charm Facility (STCE) is a next-genera-
tion high-luminosity electron—positron collidet with beam
energies ranging from 1 to 3.5 GeV and a stored beam cur?
rent of up to 2 A. Owing to the limited dynamie aperture of
the storage ring, both<offaxis and swap-out ‘imjéction
schemes afe under consideration. In particular, swap-out
injectiofl requires the kicker system to achieve high injec-
tionéfficiency while minimizing perturbation to the stored
beam and preserving collider luminosity. This operating
mode requires the stripline kicker (SLK) to'handle a single-
bunch'charge of 834 nC with a bunch spacing of only 4 ns,
imposing stringent requirements on the pulse response,
electromagnetic stability, and thermal reliability of the
kicker system.

At such high beam current, beam—structure interactions
can generate substantial beam coupling impedance, result-
ing in significant parasitic power deposition on the kicker
electrodes. The associated temperature rise and thermal de-
formation of the kicker electrodes may distort the electro-
magnetic field distribution, degrade kicker performance,
and compromise long-term operational stability. Conse-
quently, suppression of beam-induced heating and
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optimization of impedance charactesgistics are critical chal-
lenges in the SLK design for STCF.

This work presents the design and optimization of the
STCEF stripline kicker with focus on‘impedance reduction
and thermal-effect suppressionasElectromagnetic proper-
ties, beam-induced loss, therhal behavier, and thetmome-
chanical deformation are analyzed using theory‘and €ST
simulations, and the impact of thermal deformation on
electromagnetic performance is evaluated.

DESIGN OF STCF STRIPLINE KICKER

Structural Design

The swap-out injection scheme for the STCF collider
ringfis ‘eurrently under preliminary design and optimiza-
tion. The\present configuration adopts five SLKs, each
with an effective length of 0.3 m, to provide a total deflec-
tiontof 2.5 mrad for 3.5 GeV electron and positron beams,
corresponding t0)0.5 mrad per SLK [1]. The principal de-
sign parameters ofythe STCF SLK are summarized in
Table 1.

Table 1: Main Parameters of the STCF Stripline Kicker

Parameter Value
Injection Energy E [GeV] 3.5
Total Deflection Angle [mrad] 2.5
Number of Kicker 5
Effective Length of per Kicker [m] 0.3
Peak Pulsed Voltage [kV] 17.5
0Odd-mode Impedance [Q] 50
Even-mode Impedance [Q] <65
Pulse Rise/Fall Time [ns] <2
Pulse Flat-top Time [ns] >2
Total Pulse Width [ns] <6

The SLK uses an elliptical vacuum chamber with
“fender” structures to improve even-mode impedance
matching [2]. D-shaped electrodes enhance field uni-
formity, and tapered transitions at both ends reduce beam-
induced heating and impedance discontinuities. The cross-
section and prototype are shown in Fig. 1.
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Figure 1: Structure of Stripline Kicker: (a) The cross-sec-
tional structure; (b) Prototype.

Measurement Results

The simulated and measured characteristic impedances
are shown in Fig. 2. The measured odd-mode and even-
mode impedances are 50.37 Q and 60.01 Q, respective
in good agreement with the design targets. The discre
cies between simulation and measurement are main

SLK are shown in Fig. 3. The meas-
90%) is 0.6 ns, the flat-top duration
(90% — 90%) is 4.2 > fall time (90% — 10%) is 1.2 ns,
and the total pulse width (10% — 10%) is 6 ns. The output
pulse amplitude exceeds 17.5 kV, demonstrating that the
SLK satisfies the pulse-performance requirements for
swap-out injection operation.
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Figure 3: The measured pulse wave
transmission through the SLK.
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ummarizes the parasitic power loss for different
energies based on beam parameters and the opti-
oss factor kioss. The maximum loss occurs at 2 GeV,
therefore used for the subsequent thermal analysis.

am Parameters and Parasitic Power Loss of the
STCF Collider Ring at Different Energies

Parameter Value

E [GeV] 1 1.5 2 3.5
1TA] 1.1 1.7 2 2
os[mm)] 6.62 7.89 7.21 8.26
kioss [V/PC] 02689  0.1894  0.2258  0.1731
To [ps] 2.87 2.87 2.87 2.87
M 688 688 688 688
Pross [W] 1357.28 2283.34 3767.71 2888.35

For the 2 GeV operating point, the beam current is
1= 2 A and the bunch length is o = 7.21 mm. With the in-
tro-duction of tapered transitions, the loss factor decreases
from 0.3385 V/pC to 0.2258 V/pC, corresponding to a re-
duction 0of 33.29%. According to Eq. (1), the corresponding
parasitic power loss Ploss is consequently reduced from
5648.23 W to 3767.71 W, demonstrating the effectiveness
of the tapered design in suppressing beam-induced power
deposition.



To quantify the temperature rise of the SLK, the power
dissipated on the electrodes was evaluated using CST sim-
ulations. The relationship between the bunch charge N. and
the beam current / is given by
MN¢
T

I'= (2)
where M is the number of bunches and 7 is the revolution
period.

Substituting /=2 A into Eq. (2) yields a bunch charge of
N = 8.34 nC. Accordingly, a Gaussian bunch with N. =
8.34 nC and o5 = 7.21 mm is launched through the SLK in
CST simulations. Figure 4 shows the power dissipated on
the electrodes. The power density is concentrated primarily
near the electrode gaps during bunch passage, after which
the deposited power gradually decays with time.

The total power dissipated on the electrodes can be cal-
culated as [4]:

Ne ¢
Pstripline = M(N—c Zfo fO P.(t)dt 3)

where N is the bunch charge (8.34 nC), N. is the bunch
charge set in the CST simulation, and P. is the recorded
power loss over a unit time interval.
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Figure 4: The power dissipated on theelectrodes.

Substituting the operating parameters into the CST
model, the electrode thermal power decreasés from
62.57 W to 33.78 W after introducing tapered transitions, a
46.01% reduction. The remaining 3733.93, W is dissipated
in the outer conductor and terminal loads [5].

Thermal and Mechanical Analysis

The stéady-state temperature distribution of the opti-
mized(SLK was analyzed using thexCST Thermal Solver.
Water-cooling channels/in the outer conductor maintain the
vacuumychamber near 25 °C, so the PECiboundary in the
model is set to 25 2C. Ceramic support plates (3 mm) pro-
vide both mechafical support and thermal conduction, and
the copper electrodes are modeled as heat sources with a
total power 0of'33.78 W (16.89 W per electrode). The max-
imum temperature reaches ~60 °C near the electrode center
(AT =35 °C), as shown inFig. 5. The resulting temperature
field was imported into the CST Structural Mechanics
Solver to evaluate thermal deformation, yielding a maxi-
mum displacement of 86.5 pm (Fig. 6).

;

Figure 5: The steady-state temperature distribution.

Figure 6: The resulting electrode deformation.

The deformed geometry was then analyzed in the CST
Microwave Solver, and the transverse field distribution
shows only negligible differences cotparedwith the unde-
formed case (Fig. 7).
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Figure 7: Comparison of results before and after electrode
deformation: (a) Electric field; (b) Magnetic field.

Similarly, the electrode temperature rise 7Tmax, and defor-
mationdmax of the SLK at different injection energies are
obtained, as summarized in Table 3.

Table»3: Electrode Temperature and Deformation at
Differentinjection Energies

Parameter Value

E [GeV] 1 1.5 2 35

Pross [W] 1357.28 2283.34 3767.71 2888.35

Pstriptine [W] 13.24 20.10 33.78 25.57

Tnax [°C] 38.7 45.8 60.0 51.5

Dinax [pm] 41.9 56.6 86.5 68.6
CONCLUSION

This work presents the design and optimization of the
STCEF stripline kicker under high beam-current conditions,
with emphasis on beam-induced heating. Tapered transi-
tions significantly reduce both loss factor and electrode
power dissipation. Thermal-mechanical simulations show
a maximum electrode temperature of ~60 °C and defor-
mation of 86.5 pm under the worst case, with negligible
impact on electromagnetic fields. The results confirm that
the optimized SLK meets electromagnetic, thermal, and
mechanical requirements for reliable STCF swap-out in-
jection operation.
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