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Abstract
A kicker is a critical component for beam injection and accumulation in circular particle accelerators. A ceramic slat kicker 
plated with a TiN conductive coating was applied in the Beijing Electron Positron Collider (BEPCII). However, the ceramic 
slat kicker has experienced several sudden malfunctions during the operation of the BEPCII in the past. With a reliable kicker 
structure, a three-metal-strip kicker can substitute the original ceramic slat kicker to maintain the operational stability of the 
BEPCII. A comparison of the numerical simulation was conducted for three kicker models, demonstrating the comprehensive 
advantage of the three-metal-strip kicker. Furthermore, impedance bench measurements were conducted on a prototype of a 
three-metal-strip kicker. The longitudinal beam-coupling impedance was measured using a vector network analyzer via the 
coaxial wire method. A satisfactory agreement was obtained between the numerical simulations and measurements. Based 
on the numerical simulation data, the loss factor was 0.01721 V/pC, and the effective impedance was 3.59 mΩ ( � = 10mm ). 
The simulation of the heat deposition on each part of the kicker demonstrated that 84.4% of the parasitic loss of the beam 
was deposited on the metal strips, and the total heat deposition power on the kicker was between 113.3 and 131.5 W. The 
obtained heat deposition powers can be considered as a reference for establishing the cooling system.

Keywords Ceramic slat kicker · Three-metal-strip kicker · Impedance bench measurement · Coaxial wire method · Heat 
deposition power

1 Introduction

A ceramic slat injection kicker was proposed and applied 
to the BEPCII, which meets the requirements of the BEP-
CII storage ring injection system for a sufficient wide field 
region, high field uniformity, and low beam-coupling imped-
ance. The detailed requirements for the injection kicker 
according to the BEPCII design report are listed in Table 1. 
At the top and bottom sides of the beam pipe, there are two 
long ceramic slats plated with a TiN conductive coating to 

provide a continuous image current. Its longitudinal length 
is approximately 1.7 m, and it is composed of two current 
buses and two ceramic slats, which can fix the current buses 
and support the TiN coating. The aperture of the kicker mag-
net is 90 mm × 44 mm. A TiN coating with a width of 34 
mm was plated on the inner surface of the ceramic slats. 
The ceramic slat kicker sufficiently solved the contradiction 
between the beam impedance and field uniformity [1].

However, according to the BEPCII 2019 annual meeting 
proceedings, the ceramic slat injection kicker malfunctioned 
in April 2010 (e+k2), April 2011 (e−k2), December 2014 
(e+k1), and August 2016 (e+k1). A possible reason for this 
failure is that the beam or synchrotron radiation directly 
hit the TiN coating, causing the coating to detach from the 
ceramic slat. Subsequently, the image current was blocked. 
A series of higher-order modes (HOM) was induced, result-
ing in an ignition inside the kicker. Consequently, the vac-
uum worsened, and the beam was lost.

To prevent coating detachment, three metal strips were 
chosen to replace the TiN-plated ceramic slat as the image 

This was supported by the National Natural Science Foundation of 
China (Nos. Y8113C005C and U1832132).

 * Yu-Dong Liu 
 liuyd@ihep.ac.cn

1 Institute of High Energy Physics, Chinese Academy 
of Sciences, Beijing 100049, China

2 University of Chinese Academy of Sciences, Beijing 100049, 
China

https://orcid.org/0000-0001-8239-7280
https://orcid.org/0000-0001-7928-5114
https://orcid.org/0000-0003-3998-6439
https://orcid.org/0000-0002-2889-0143
http://crossmark.crossref.org/dialog/?doi=10.1007/s41365-023-01212-4&domain=pdf


 J.-L. Su et al.

1 3

57 Page 2 of 12

current path. To prevent the eddy current shielding effect 
and ensure magnetic field uniformity, two metal strips 
were disconnected from the middle with a slit of 1 mm.

Two important issues for the design of a kicker are 
the beam-coupling impedance and heat deposition on the 
kicker. The beam-coupling impedance can cause collective 
beam instabilities. To ensure a good beam quality and sta-
ble operation, the impedance of the components should be 
strictly limited. The heat load can cause localized heating, 
which may burn the components or destroy the vacuum in 
severe cases. Therefore, it is necessary to perform detailed 
impedance simulations of the three-metal-strip kicker. It is 
also useful to conduct bench measurements of impedance 
to verify the impedance simulations.

The remainder of this paper is organized as follows. 
The mechanical structure of the three-metal-strip kicker 
is described in Sect. 2. Section  3.1 presents a simplified 
CST model of kicker, an explanation of how it is simplified 
from the mechanical structure, and the difference between 
the simplified kicker model and another two CST models. 
Section 3.2 presents several formulae to describe the rela-
tionship between the wake function, wake potential, and 
impedance; the impedance simulation results of the three 
models are compared, and the possible source of narrow-
band resonances is explained herein. Section 4.1 presents 
the coaxial wire measurement setup, measurement of the 
characteristic impedance with VNA-achieved TDR, con-
duction of another CST simulation to obtain the cutoff 
frequency of the kicker, comparison of the impedance 
between the simulations and measurements, explanation 
for the significantly large narrow-band resonance ampli-
tudes of the measurements, and the calculated longitudinal 
loss factor and effective impedance. Section 5 presents the 
application of a module called time frequency power loss 
monitor in CST STUDIO SUITE to obtain the heat deposi-
tion power, and the simulation results are displayed. The 
conclusions are presented in Sect. 6.

2  Mechanical structure 
of the three‑metal‑strip kicker

With a longitudinal port-to-port length of 1706 mm and 
transverse tank width of 305 mm, the three-metal-strip 
kicker is quasi-symmetric, as shown in Fig. 1a, b. The two 
kicker octagon ports have the same dimensions, and the 
outer diameter (52 mm) is slightly larger than the inner 
diameter (44 mm), forming a longitudinal taper, as shown 
in Fig. 1c, d. The feedthrough was connected to the current 
buses through two power plates. Two long-current buses 
were located on both sides of the kicker. Two groups of 
three metal strips were located above and under the beam 
axis, functioning as the image current path. Among the 
three metal strips, two side strips have a slit of 1 mm in 
the middle, which ensures the maximum passage of the 

Table 1  Requirements for the injection kicker

Parameter Value

Available length (m) 1.7
Beam stay clear (mm × mm) ( H ×W) 38 ×  82
Injection energy (GeV) 1.89
Deflection (mrad) 3
Integrated field strength (T m) 0.02
Bottom width of field waveform (ns) 600
Good field region (mm) X = ± 20
Field uniformity (Y = 0 mm plane) ± 1%
Field uniformity (Y = 5 mm plane) ± 2%
Field uniformity (Y = 10 mm plane) ± 5%

Fig. 1  (Color online) Mechanical structure of the three-metal-strip 
kicker: a side view, b longitudinal cross section along the beam axis, 
c outer dimensions of the kicker octagon port, d inner dimensions of 
the kicker octagon port, e zoomed transverse view of the metal strips, 
f zoomed top view of the metal strips, and g zoomed view of the 
power plates
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magnetic field, as shown in Fig. 1f. The gap between the 
strips is 8 mm wide and that between strip and current 
buses is 10 mm wide.

Owing to HOM heating, the metals of the kicker would 
be lengthened to a certain extent during operation with the 
beams. The metal strips should be carefully considered 
owing to the 1 mm slit. The fractional change in length 
is proportional to the change in temperature as follows:

where ΔL∕L is the fractional change in length, ΔT  is the 
change in temperature, and � is the linear thermal expansion 
coefficient [2, 3]. Because the length change in the strips 
should be less than 1 mm, we obtain the following:

where L1 and L2 are the strip lengths, as shown in Fig. 2. The 
linear thermal expansion coefficient of copper at a tempera-
ture of 20 ◦ C was 17×10−6/◦ C. Therefore, we found that the 
temperature of the metal strips should not exceed 99 ◦ C; oth-
erwise, the strips would touch each other during the opera-
tion with the beams. The temperature of the strips was deter-
mined based on the cooling system efficiency. Therefore, the 
heat deposition power on the strips is an important reference 
for establishing a cooling system.

3  Longitudinal impedance simulations 
and comparison

To acquire the complete information regarding the beam-
coupling impedance, numerical simulations were per-
formed using CST STUDIO SUITE [4]. The simulation 
results were also compared with those of two other mod-
els, illustrating that the three-metal-strip kicker is cur-
rently the most reliable model after considering the mag-
netic field uniformity, impedance, and operation stability 
comprehensively.

(1)
ΔL

L
= � ⋅ ΔT ,

(2)
1

2
(L1 ⋅ 𝛼 ⋅ ΔT + L2 ⋅ 𝛼 ⋅ ΔT) < 1mm,

3.1  Simulation models

A simplified model of the mechanical structure was applied 
to accelerate the simulation process. The underprop that sup-
ports the kicker below was deleted because it could not be 
seen by the beams. Screws, small holes, and fixing devices 
were deleted because they were shielded by the current 
buses and metal plates and did not have a significant effect 
on the beams. The outer parts of the kicker octagon ports 
and current buses were reshaped to be significantly smoother 
because they could not be seen by the beams. The cabling 
was not considered, and the power plates that connected the 
feedthrough with the current buses remained in the CST 
modeling. The fixer between the current buses and front 
octagon port was also modeled. A simplified structure of 
the three-metal-strip model is shown in Fig. 3.

The mesh sizes can be automatically adjusted by the CST 
software according to the specific dimension of a region. 
Adjustable mesh sizes can improve the calculation accuracy 
while saving the computing resources. In our calculations, a 
total of approximately  109 meshes were used for the three-
metal-strip kicker. A Gaussian beam with an RMS bunch 
length of 10 mm was selected for the simulation. To improve 
the accuracy of the simulation results, the wakefields were 
tracked over 10m behind the bunch. Excluding the fixer con-
necting the current buses with the front kicker octagon port 
that was set as being composed of alumina, all other parts 
were set as being composed of a perfect electroconductive 
material (PEC).

Fig. 2  (Color online) The dimensions of metal strips

Fig. 3  (Color online) Simplified structure of the three-metal-strip 
model: a side view, b longitudinal cross section along the beam axis, 
c side view with the tank hidden
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Another model, called the fully unconnected model, is 
based on the three-metal-strip model, in which the only 
difference is that all its strips are unconnected with the 
same slit of 1 mm. The third model, the metal-slat model, 
is also based on the three-metal-strip model, in which the 
only difference is that the group of the three metal strips is 
combined as an entire metal slat. The structural differences 
between the three models are shown in Fig. 4.

3.2  Beam‑coupling impedance

The longitudinal wake function in the CST software is 
defined as follows:

where q is the excitation charge, Es is the electric field along 
the s direction seen by the test charge, z is the distance at 
which the test charge is behind the excitation charge, and 
W �

(z) is the longitudinal wake function.
The longitudinal impedance Z||(�) can be calculated 

from the wake function W �

(z) using a Fourier transforma-
tion as follows:

However, it is impossible to apply a point charge to perform 
the simulation. A bunch with a certain length and charge 
distribution was set up for the simulation. Therefore, the 
CST software provides data regarding the wake potential 
V||(z) rather than the wake function W �

(z) . The relation-
ship between the wake potential and wake function can be 
expressed as follows:

where �(�) denotes the normalized line density of the bunch. 
The following is obtained by combining Eqs. (3) and (4):

(3)W �
(z) =

1

q ∫
∞

−∞

Es(s)ds,

(4)Z||(�) = −∫
∞

−∞

1

c
e−i�z∕cW

�

(z)dz.

(5)V||(z) = ∫
∞

−∞

�(�)W
�

(z − �)d�,

The wake potentials of the three models are shown in Fig. 5. 
The wake of the fully-unconnected model does not suffi-
ciently decay to zero after 10 m. It must be a long-range 
wake owing to the gaps and slits. It is unnecessary to make 
the wake of the fully unconnected model sufficiently decay 
to zero after 10 m because it is only shown to compare the 
narrowband resonances. The wakes of the other two models 
decay to zero after 10 m.

The exact impedances can be obtained only if the wake 
potentials can be obtained for an infinite length or if they 
damp out completely over a finite length. Because the calcu-
lation of the wake potentials must be terminated at a certain 
length owing to the limitations of the computing resource, 
the impedance obtained from the simulations demonstrates 
oscillatory behavior around the actual resonance frequen-
cies, and its real part may become negative at certain fre-
quencies. To alleviate this problem, data windowing is 
applied, and a cos2 filtering function is selected in the CST 
software [4].

The real and imaginary parts of the longitudinal beam-
coupling impedance of up to 2 GHz are shown in Fig. 6. 
This comparison illustrates that the narrowband resonances 

(6)Z||(�) = −

∫ ∞

−∞
V||(z)e

−i�zdz

∫ ∞

−∞
�(z)e−i�zdz

.

Fig. 4  (Color online) Structural differences between the three models: 
a three-metal-strip model, b fully-unconnected model, and c metal-
slat model

Fig. 5  (Color online) Wake potentials of the three models: a from − 
10,000 to 100 mm and b around z = 0
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are caused by the tank. The diameter of the tank is 305 mm. 
Its cutoff frequency is approximately 1 GHz. The transverse 
dimension is sufficiently large to generate these resonances 
at low frequencies. The dimensions of the gaps and slits 
determine the effect of the tank. A greater number of gaps 
and slits lead to significantly higher resonances. The res-
onances of the fully unconnected model are significantly 
higher than those of the three-metal-strip model because 
the slits in the side strips of the fully unconnected model 
magnify the effect of the tank. The resonance amplitude 
of the metal-slat model is the smallest among these mod-
els because the metal slat weakens the effect of the tank. 
Impedance simulations and measurements of the ceramic 
slat kicker were conducted by Demin Zhou [5], demonstrat-
ing that its impedance is nearly the same as that of the three-
metal-strip kicker.

Owing to the shielding effect produced by the eddy cur-
rents, the magnetic field cannot pass through the metal slat. 
Therefore, the metal-slat kicker, although demonstrating the 
lowest impedance, is not a suitable structure for the BEPCII. 
The fully unconnected model is also not a suitable structure 
owing to its large impedance. According to our measure-
ments, the three-metal-strip kicker and ceramic slat kicker 
demonstrate similar performances with respect to the mag-
netic field. However, during the practical commissioning and 

operation of the BEPCII in the past 10 years, the accelerator 
breakdown caused by its TiN coating detachment occurred 
every three or four years. Therefore, the optimized three-
metal-strip kicker with a lower longitudinal impedance and 
higher reliability may be the most suitable structure for the 
BEPCII owing to its apparent robustness against damage 
caused by heating.

4  Impedance bench experiment 
on a three‑metal‑strip kicker prototype

A prototype of the three-metal-strip kicker was manufac-
tured to conduct an impedance bench experiment. The 
coaxial wire method was applied in the experiments, which 
has been widely used for the impedance bench measure-
ments of the accelerator components [5–13]. In particular, 
Chinese investigators have conducted several pioneering 
studies regarding impedance measurements [5–9], which 
significantly benefited our experimental setup.

4.1  Coaxial wire measurement setup

The facilities for coaxial wire measurements include the 
VNA, tapers, device under test (DUT), and a smooth refer-
ence pipe (REF). The layout of the experimental setup is 
illustrated in Fig. 7. As shown in Fig. 8, the ports of the 
REF are the same as those of the DUT. The experimental 
bench is illustrated in Fig. 9. The taper developed by Huang 
et al. [14] is shown in Fig. 10. The N-type connectors, con-
necting blocks, and Teflon spacers are shown in Fig. 11. A 
copper wire with a diameter of 2 mm was used as the inner 
conductor. A combination of the copper wire on the beam 
axis with the connecting blocks, tapers, or DUT forms a 
coaxial wire that can be processed as a two-port network. 
Because the characteristic impedance of the coaxial cables 
and VNA, 50 Ω , is significantly different from that of the 
coaxial wire formed by the copper wire and DUT, this large 

Fig. 6  (Color online) Comparison of the real (a) and imaginary part 
(b) of the longitudinal beam-coupling impedance between the three 
models

Fig. 7  Layout of the coaxial wire experimental setup
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impedance mismatch can cause a severe reflection, inducing 
ripples above the real impedance. To solve the mismatch 
problem, tapers are commonly used in the measurements.    

Because the entire length of the structure, including the 
tapers, reaches approximately 3 m, and the end of the tapers 

has a diameter of only 6 mm, stretching the copper wire 
along the beam axis [15] is significantly difficult. As a result, 
the measurement accuracy significantly decreases. In our 
measurement, we soldered the copper wire to an N-type 
connector with tin and used connecting blocks to cover the 
copper wire. Half-round Teflon spacers, as shown in Fig. 11, 
were placed inside the connecting blocks to fix the copper 
wire. The characteristic impedance, which changes with the 
distance along the coaxial wire, is shown in Fig. 13. The 
flatness in the middle of the curve indicates that the copper 
wire was sufficiently stretched to a certain extent.

To calculate the longitudinal beam-coupling impedance, 
the scattering coefficients S21 of the DUT and REF were 
measured using an Agilent E5071C ENA VNA. Subse-
quently, the impedance of the DUT can be calculated based 
on the scattering coefficients using the Hahn-Pedersen 
formula [16]:

or the Palumbo-Vaccaro formula [17]:

or using the Walling formula for a long DUT [18]:

(7)Z||(�) = 2Zc

(
S21,REF

S21,DUT
− 1

)
,

(8)Z||(�) = 2Zc

(
1 −

S21,DUT

S21,REF

)
,

Fig. 8  The structure of REF

Fig. 9  (Color online) Snapshot of the coaxial wire experimental 
bench

Fig. 10  (Color online) Snapshot of the taper

Fig. 11  (Color online) Snapshots of the N-type connector, connecting 
blocks, Teflon spacers, and taper
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where Zc is the characteristic impedance of the coaxial wire 
formed by the copper wire and DUT. The Walling formula 
was adopted for the experiment in this study.

The VNA-achieved TDR was applied to measure the 
characteristic impedance [19]. Because the travel speed 
of the incident signal is nearly equal to the speed of light, 
the location z can be expressed by z = ct∕2 . As shown in 
Fig. 12, the horizontal axis of the characteristic impedance 
curve is defined along the kicker center, and the zero point is 
set at the connector. The measured characteristic impedances 
of the DUT and REF are shown in Fig. 13.

In addition to the measurement, the characteristic imped-
ance of the coaxial wire can also be estimated from the 
structural information using the following equation:

where b is the outer conductor radius, a is the inner conductor 
radius, �0 = 4� × 10−7 T·m / A, and �0 = 8.85 × 10−12 F/m . 
Because the outer dimension of the kicker ports is slightly 
larger than the inner dimension, as shown in Fig. 1c, d, the 
TDR curve bulges at the location of the two kicker ports. 
Meanwhile, because there is a gap between the front port and 
the current buses, as shown in Fig. 14, a slight asymmetry 
in the TDR curve is induced. The REF ports are similar to 
that of the DUT; however, the DUT has a significantly more 
complicated structure. Therefore, the characteristic imped-
ances of the REF and DUT would be the same at the octagon 
ports but different at other locations.

4.2  Benchmark between measurements 
and simulations

Because the cross section of the kicker port is octagonal, it 
is impossible to analytically calculate the cutoff frequency. 
As shown in Fig. 1c, d, the largest and smallest aperture 
dimensions are 108 mm and 44 mm, respectively. Therefore, 
we can obtain an approximate range for the cutoff frequency 
as follows:

(9)Z||(�) = 2Zc ln

(
S21,REF

S21,DUT

)
,

(10)Zc =
1

2�

√
�0

�0

ln
b

a
,

To obtain an accurate cutoff frequency value, we conducted 
another simulation using the CST software. As shown in 
Fig. 15a, one incident wave was set up to pass through a PEC 
tube that had the same cross section as the kicker. The fre-
quency of the incident wave changed from 0 GHz to 5 GHz, 
and the dependence of the S-parameter on the frequency was 
recorded, as shown in Fig. 15b. The S21 curve illustrates that 
the cut-off frequency is approximately 1.61 GHz.

As the cutoff frequency of the kicker is approximately 
1.61 GHz, the real and imaginary parts of the longitudinal 
impedance are displayed up to 2 GHz. The results are com-
pared with those obtained from the CST simulations. The 
comparison in Fig. 16 illustrates that the kicker longitudinal 
impedance mainly exists in the low-frequency range. The 
narrow-band resonances of the bench measurement and sim-
ulation were located at nearly the same frequencies. How-
ever, the resonance amplitude of the bench measurement 

(11)fmin =
c

2�bmax

= 0.88GHz,

(12)fmax =
c

2�bmin

= 2.17GHz,

(13)favg =
fmin + fmax

2
= 1.53GHz.

Fig. 12  Definition of the horizontal axis for the characteristic imped-
ance curve

Fig. 13  (Color online) TDR-measured characteristic impedance over 
the distance along the coaxial wire

Fig. 14  (Color online) Gap between the front port and current buses
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was significantly larger. This may be caused by the multiple 
reflections owing to the impedance mismatch. No absorber 
was used in the measurements. Uncertain HOMs are induced 

owing to the multiple reflections. Their frequencies may be 
equal to or near the frequencies of the narrow-band reso-
nances. Subsequently, the resonance amplitudes were magni-
fied. To verify this hypothesis, we plan to deposit absorbers 
in the tapers and select a copper wire with a diameter of 3 
mm by referring to Lambertson et al.  [20].

Based on the impedance spectrum shown in Fig. 16, the 
loss factor was calculated within different frequency ranges 
( � = 10mm ), as shown in Fig. 17. Based on the bench 
measurements, the loss factor up to 2 GHz was 0.01723 V/
pC and the longitudinal effective impedance Z||

n
 up to 2GHz 

was 5.45 mΩ ( � = 10mm ). Based on the simulations, the 
loss factor up to 2 GHz was 0.01721 V/pC, and the longi-
tudinal effective impedance Z||

n
 up to 2 GHz was 3.59 mΩ 

( � = 10mm ). These data demonstrate good consistency 
between the measurement and simulation results. Fur-
thermore, the loss factor for the ceramic slat kicker was 
0.017±0.002 V/pC based on the measurements in a previ-
ous study by Demin Zhou  [5], which is significantly close 
to the value indicated above.

5  Heat deposition on different parts 
of three‑metal‑strip kicker

As a beam passes through the kicker, it loses a certain 
amount of energy. The energy loss is called the parasitic 
loss of the beam and can be calculated using the following 
equation:

where q is the bunch charge and k|| is the longitudinal loss 
factor [21]. An energy loss occurred only during the pas-
sage, which was a relatively short time. The parasitic power 
loss over one turn of the storage ring can be calculated as 
follows:

(14)ΔWbeam = q2k||,

Fig. 15  (Color online) Simulation for determining the cutoff fre-
quency of the kicker port: a simulation setting and b obtained 
dependence of S

21
 on the frequency

Fig. 16  (Color online) a Real and b imaginary parts of the longitudi-
nal impedance measured by the coaxial wire method and compared 
with simulations

Fig. 17  (Color online) Longitudinal loss factor within different fre-
quency ranges
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where fr denotes the revolution frequency. The variable 
Pbeam is a certain value determined by the Kicker impedance, 
which is independent of time. Note that k|| is calculated using 
frequencies up to the kicker cutoff frequency. Certain modes 
with frequencies higher than the kicker cutoff frequency can 
travel out of the kicker and eventually deposit their energy 
on lossy materials elsewhere. Only modes with frequencies 
lower than the kicker cutoff frequency trapped inside the 
kicker are considered herein [22, 23]. However, once the 
beam travels into the kicker, the electromagnetic field begins 
to continually deposit energy on the kicker. After passage 
of the beam, the HOM trapped in the kicker continues to 
deposit energy on the kicker until all the parasitic energy 
lost by the beam is deposited. Therefore, the heat deposi-
tion power Pbeam is a continuous function of time and can be 
obtained through simulations.

As the total energy is conserved, the following relation-
ship between Pbeam and Pheat exists:

where Tr is the revolution period and Tend is the heat deposi-
tion duration.

To obtain the heat deposition power on each part of 
the kicker, a module called the time frequency power loss 
monitor in CST STUDIO SUITE was used [4].

In the simulation, the bunch charge, bunch RMS length, 
and wakefield tracking length were 1 nC, 10 mm, and 
50 m, respectively. Because the heat deposition power is 
proportional to the square of the bunch charge, and the 
bunch charge in the BEPCII is 7.78 nC (9.8 mA), the final 
simulation results were multiplied by the square of 7.78, 
as shown in Figs. 18 and 19.

(15)Pbeam = q2k||fr,

(16)ΔWbeam = ∫
Tr

0

Pbeamdt = ∫
Tend

0

Pheatdt,

The practical heat deposition process prolongs for an 
extremely long duration, whereas the simulation process 
only lasts 175 ns owing to the limited time and computing 
resources. Data fitting was performed to obtain more infor-
mation regarding the deposition. To improve the data fitting 
results, all the data of the power plates and 98.29–172.75 ns 
data of the other parts of the kicker were used. An exponen-
tial function was chosen as the fitting function to describe 
the decay process of the deposition. The heat deposition 
curves over time, including a part of the fitted data, are 
shown in Fig. 19.

To obtain the deposited energy proportion for each part of 
the kicker, the heat deposition power should be integrated to 
infinity over time. The energy deposited on each part of the 
kicker is shown in Table 2, which demonstrates that approxi-
mately 84% of all the parasitic energy lost by the beam was 
deposited on the metal strips.

The aforementioned discussions are based only on a sin-
gle bunch passing through the kicker, whereas a storage ring 
contains multiple bunches. There were 93 bunches in the 
BEPCII, the bunch current was 9.8 mA, and the revolution 
time was 791.77 ns. Therefore, the time interval between the 
two bunches is 791.77 ns divided by 93, that is, 8.51 ns. To 
obtain the final heat deposition power generated by multiple 
bunches, the heat deposition power of the bunch should be 
overlaid with those of the later bunches. The results after 
approximately 10 turns are shown in Fig. 20. 

Fig. 18  Total heat deposition power on the kicker based on the CST 
simulation

Fig. 19  (Color online) Heat deposition power on each part of the 
kicker based on the CST simulation and data fitting: a metal strips, b 
current buses, c power plates, d front port, e back port, and f side wall
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Figure 20 illustrates that after the heat deposition power 
of one bunch is overlaid with others, the final deposition 
power on each part of the kicker oscillates within a range. 
The power range rises rapidly and reaches a stable region 
after approximately 10 turns. The lower limit, upper limit, 
and average powers of each part of the kicker are listed in 

Table 3, which demonstrates that among all the parts of the 
kicker, the metal strips have the largest power and require 
more consideration.

The heat deposition data can be further processed by 
obtaining the average. Considering 8.51 ns as the smallest 
time unit, the average deposition power can be calculated for 
each time unit and designated as the instantaneous deposi-
tion power in the middle of the time unit. The final averaged 
heat deposition powers over time for each part of the kicker 
are shown in Fig. 21. The final convergent power averages 
are presented in Table 3.

The parasitic power loss of the beam over one turn can 
be calculated using Pbeam = nbq

2k||fr . The measured lon-
gitudinal impedance provides the loss factors 0.01723 V/
pC and Pbeam=122.50 W. The CST simulation yields the 
loss factors 0.01721 V/pC and Pbeam=122.35 W, respec-
tively. The direct CST simulation of the heat deposition 
on the kicker provides the average heat deposition power 
of 124.63 W, which is consistent with the parasitic power 
loss of the beam.

6  Conclusion

After comprehensively considering the beam-coupling 
impedance, magnetic field uniformity, heat deposition on 
the kicker owing to the parasitic loss of the beam, and opera-
tional stability, the three-metal-strip kicker is determined to 
be the most suitable structure for the BEPCII. The imped-
ance and loss factor of the three-metal-strip kicker are nearly 
the same as those of the ceramic-slat kicker. The impedance 
simulations and bench measurements of the kicker proto-
type using the coaxial wire method were in good agreement. 
The heat deposition power on the kicker obtained from the 
CST simulations sufficiently matches the beam parasitic loss 
power calculated from the loss factor. The final heat deposi-
tion power on each part of the kicker can be considered as a 
reference for designing the cooling system.

Fig. 20  (Color online) Heat deposition power on each part of the 
kicker after overlying approximately 10 turns: a metal strips, b cur-
rent buses, c power plates, d front port, e back port, f side wall, g 
entire kicker, and h comparison

Table 2  Energy deposited on 
each part of the kicker

Part Simu. energy (J) Fit energy (J) Total energy (J) Proportion (%)

Current buses 2.7103 ×10−8 6.2350 ×10−8 8.9455 ×10−8 8.41
Metal strips 1.7490 ×10−7 7.2265 ×10−7 8.9758 ×10−7 84.36
Power plates 2.2722 ×10−9 1.7268 ×10−8 1.9540 ×10−8 1.84
Back port 6.4081 ×10−9 3.8535 ×10−9 1.0262 ×10−9 0.96
Front port 6.8252 ×10−9 9.6337 ×10−9 1.6459 ×10−8 1.55
Sidewall 6.6581 ×10−9 2.4038 ×10−8 3.0696 ×10−8 2.89
Kicker 2.2416 ×10−7 8.3977 ×10−7 1.0640 ×10−7 100
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