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Abstract
A conventional local bump injection system with four pulsed dipole kicker mag-
nets is currently adopted in the Hefei Light Source II storage ring to achieve
top-off operation. Owing to the multipole magnets located inside the injection
section, it is difficult to form a perfect closed bump during beam injection, which
leads to large perturbations. In order to provide the near-transparent beam in-
jection for the light source users, a new injection method using a nonlinear kicker
(NLK) is proposed in this paper. The NLK generates magnetic fields with a non-
linear distribution, which provides an off-axis peak field for the injected beam
while keeping a field-free region for the on-axis stored beam. To simplify the
upgrade, the NLK is going to be installed in the arc section downstream of
the current injection system and the original septum will remain. The physics
design of the NLK is conducted by optimizing its field conditions, including
the on-axis field gradient, the peak-field position and strength. The injection
efficiency is maximized by tuning the NLK conductor current to match the in-
jection acceptance with the injected beam. With reasonable error tolerance of
the NLK fields, the injection perturbation on the stored beam is analyzed to be
greatly reduced compared to the local-bump injection.
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during beam injection, which leads to large perturbations. In order to provide
near-transparent beam injection for light source users, a new injection method
using a nonlinear kicker (NLK) is proposed in this paper. The NLK generates
magnetic fields with a nonlinear distribution, which provides an off-axis peak
field for the injected beam while maintaining a field-free region for the on-axis
stored beam. To simplify the upgrade, the NLK will be installed in the arc
section downstream of the current injection system while the original septum
will remain. The physics design of the NLK is conducted by optimizing its field
conditions, including the on-axis field gradient, peak-field position, and strength.
The injection efficiency is maximized by tuning the NLK conductor current to
match the injection acceptance with the injected beam. With reasonable error
tolerance of the NLK fields, the injection perturbation on the stored beam is
analyzed to be greatly reduced compared to the local-bump injection.

Keywords: Storage ring, Injection system, Local bump, Nonlinear kicker

Introduction
After a major upgrade in 2014, a full-energy linac injector and a local bump in-
jection system were adopted to achieve top-off operation for HLS-II [1, 2]. Local
bump injection is an off-axis injection method widely used for synchrotron light
sources, such as Diamond [3], SSRF [4], and ESRF-EBS [5]. Several (usually 3
or 4) kickers are used to form a closed local bump at the injection point in a
straight section and capture the injected beam within the ring acceptance. Ide-
ally, a perfect local bump injection should be transparent to the stored beam
outside the injection region. However, an imperfect local bump will cause oscil-
lations in the stored beam, leading to degradation of synchrotron light source
performance for user experiments. Owing to multipole magnets located within
the local bump, the existing local bump injection system in the HLS-II stor-
age ring cannot form a perfect local bump during beam injection. This paper
presents a new injection scheme using an NLK kicker in the HLS-II storage ring
to mitigate injection perturbation to the stored beam.

To simplify the injection system and achieve transparent injection, Photon Fac-
tory proposed an injection method with a pulsed quadrupole magnet (PQM)
[6]. Since the dipole magnetic field is zero on the axis of a multipole magnet,
the off-axis injected beam can be deflected in principle without perturbing the
stored beam. However, the PQM quadrupole component on-axis is estimated
to disturb the stored beam by increasing its size up to 2.4 times in the PF-AR
storage ring. To overcome this disadvantage, injection with a pulsed sextupole
magnet (PSM) was proposed and tested in the PF ring [7].

Due to the large inductance of the pulsed sextupole, creating a fast-pulse power
supply for the kicker is difficult, resulting in multi-turn injection and low injec-
tion efficiency for the PF ring. Multi-turn injection using a PSM has also been
evaluated for MAX-IV [8, 9] and UVSOR-III [10], with evaluated injection effi-
ciency much lower than that of single-turn injection. The HLS-II storage ring
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has a circumference of only 66.13 m [11]. Achieving single-turn injection with a
PSM requires a pulse width shorter than 220 ns, which is technically difficult.

To minimize perturbation from the pulsed multipole magnet (PMM) on the
stored beam, BESSY developed the NLK injection method based on the PMM
approach [12]. Unlike multipole magnets, the nonlinear field distribution of
an NLK is achieved using four coils with mirror-symmetric geometry. It has
relatively low inductance, enabling a short-pulse power supply for single-turn
injection. ALS optimized an NLK to inject the beam at the flat-top of the
magnetic field, improving injection efficiency to nearly 100% while greatly re-
ducing perturbation on the stored beam [13, 14]. This novel injection method
has already been successfully applied to several synchrotron radiation facilities
including MAX-IV [15–18] and Sirius [19, 20]. Additionally, more light sources
such as ESRF-EBS [21], NSLS-II [22], HALF [23], and TPS [24] are planning
to adopt the NLK injection scheme.

In this paper, we propose a new injection scheme for the HLS-II storage ring
to replace the current local bump injection using four dipole kickers. The NLK
will be installed downstream of the last dipole kicker and the septum will be
reused. The local bump injection system will remain operational until the NLK
injection is commissioned in the storage ring, which helps reduce impact on user
operation time.

In Sec. II, we present an overview of the HLS-II storage ring and its current
local bump injection system. In Sec. III, the NLK injection scheme for the
HLS-II storage ring is described in detail and simulation results are compared
and discussed. Finally, we conclude the paper in Sec. IV.

II. Local Bump Injection System of the HLS-II
A. Parameters of the HLS-II Storage Ring

HLS-II is a dedicated synchrotron light source consisting of a full-energy linac
injector and a storage ring with Double-Bend Achromat (DBA) structure [25–
27]. With recent dynamic optimization, the main parameters of the storage ring
are given in Table 1 [28–30]. The optical function of the storage ring is shown
in Fig. 1 [Figure 1: see original paper] and the dynamic aperture is shown in
Fig. 2 [Figure 2: see original paper].

B. Local Bump Injection

Using linear beam dynamics, we can derive the equations relating the kicker
angle � to the local bump height b without considering multipole magnet effects
(magnetic field feed-down effects), which are listed below [31]:

𝜃2 = −𝜃3 = − 𝑏
√𝛽2𝛽1 sin ΔΨ21 cos ΔΨ43 − 𝛼2 sin ΔΨ21 sin ΔΨ43 − 𝛼3 sin ΔΨ43 cos ΔΨ21
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𝜃1 = −𝜃4 = 𝑏
√𝛽3𝛽4 sin ΔΨ43

where the subscript numbers indicate kicker positions, ΔΨ𝑖𝑗 is the phase advance
between two kickers, and 𝛼, 𝛽 are the Courant-Snyder (C-S) parameters.

Currently, the orbit bump injection system of the HLS-II storage ring adopts
four kickers and one septum to achieve top-off operation [32]. The eddy-current
type septum has a septum sheet 2 mm thick. Its maximum excitation current is
5.6 kA with a peak magnetic field of 0.875 T. The pulsed bump kickers utilize
soft ferrite material with a maximum excitation current of 4.5 kA and peak field
of 0.1 T. The injection system operates at a maximum repetition rate of 2 Hz.
The HLS-II storage ring has four short straight sections of 2.3 m and four long
straights of 4.0 m. The septum is located at the end of a long straight section,
as shown in Fig. 3 [Figure 3: see original paper]. Considering space limitations
in the straight section, two kickers are placed in the same straight section while
the other two are located in nearby arcs. The magnet lattice of the injection
system, the injected beam trajectory, and the local orbit bump of the stored
beam are shown in Fig. 4 [Figure 4: see original paper].

The dynamic acceptance of the storage ring with and without orbit bump in the
horizontal phase space is shown in Fig. 5 [Figure 5: see original paper]. The
original ring acceptance is limited by the septum wall and the injected beam
lies outside the acceptance. With the orbit bump, the acceptance is shifted to
cover the injection point while the stored beam is moved to the local bump with
a height of 24 mm.

The first few turns of an injected bunch using the current local bump injection
system in the horizontal phase space are shown in Fig. 6 [Figure 6: see original
paper]. The parameters of the injected bunch are listed in Table 2 .

C. Imperfection of the Local Orbit Bump

Misalignment of dipole kickers and power supply jitters can lead to imperfection
of the local bump. In the HLS-II storage ring, additional perturbations from
four sextupoles located inside the local bump must be considered. When the
stored beam is off-axis in the sextupoles, it experiences additional dipole and
quadrupole components of the magnetic fields, known as the feed-down effect.
The magnetic field feed-down of a sextupole can be expressed as:

𝐵𝑦 = 𝑏2(𝑥0𝑦0 + (𝑦0𝑥 + 𝑥0𝑦) + 𝑥𝑦)

𝐵𝑥 = 𝑏2((𝑥2
0 − 𝑦2

0) + 2(𝑥0𝑥 − 𝑦0𝑦) + (𝑥2 − 𝑦2))
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where 𝑏2 is the normalized strength of the sextupole and 𝑥0, 𝑦0 is the off-axis
distance of the particles. The first and second terms on the right-hand side of Eq.
2 represent the additional dipole and quadrupole magnetic fields, respectively.

The dipole and quadrupole fields of the sextupole with the maximum bump
height of 24 mm are estimated to be -28 Gs and -0.23 T/m. Considering the
feed-down effect, the formulae in Eq. 1 are no longer accurate for calculating
dipole kicker angles. However, the tracking method can be applied to match
the angles. The first kicker is set to bring the ideal particle to the required
height at the second kicker, and the second kicker brings the particle’s 𝑥′ to
zero. The third and fourth kickers are set similarly to the first and second. The
matched kicker angles from simulation are (6.380, 3.698, 3.699, 6.383) mrad with
a maximum bump height of 24 mm. The injection pulse of the kickers is half-sine
with a width of 1.32 µs, approximately six times the revolution time, as shown
in Fig. 7 [Figure 7: see original paper]. The excitation of the injection kickers
is optimized at the peak height of the local bump, where the feed-down effect is
considered. According to Eq. 2, the feed-down field of the dipole components is
nonlinear with respect to bump height, meaning perfect orbit bumps cannot be
formed throughout the entire excitation process. Therefore, while the excitation
ramps up and down along the sinusoid, global orbit distortion outside the local
orbit bump region is generated, causing oscillations in the stored beam during
injection. The rms closed orbit distortion outside the local bump for different
excitation strengths is plotted in Fig. 7.

The closed orbits of the stored beam in phase with the injected beam are calcu-
lated and shown in Fig. 8 [Figure 8: see original paper]. Obvious distortion of
the global orbits can be seen during injection.

D. Stored Beam Perturbation

To calculate the oscillation amplitude of the stored beam disturbed by beam
injection, six bunches with different timing relative to the injection pulse are
tracked using the MATLAB Accelerator Toolbox (AT) [33]. To accurately cal-
culate beam size, each bunch contains 1000 particles. Particle positions are
recorded turn by turn. The averaged beam centroid and beam size of the stored
beam after injection are shown in Fig. 9 [Figure 9: see original paper]. As
shown, the maximum oscillation amplitude of the stored beam centroid after
injection is approximately 2.2 mm, and the beam size increases to 1.9 mm (one
sigma). The simulation does not account for septum field leakage. If considered,
the stored beam would experience greater perturbations during local bump in-
jection. The initial increase in beam size is due to the quadrupole component
of the sextupole feed-down fields. Further increase of beam size for up to 5 ms
can be explained by the decoherence effect, where beam centroid oscillation is
transferred into beam size through initial betatron tune spread [34]. The pertur-
bation on the stored beam continues for a damping time with large amplitudes,
which can interfere with user experiments.
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Injection perturbation on the stored beam degrades the performance of the
synchrotron radiation light source with top-off operation and should be miti-
gated to achieve transparent injection. At ESRF, several techniques are applied
to reduce injection perturbation on the stored beam, including introduction of
nonlinear fields in injection kickers, compensation of vertical and quadrupole per-
turbations using skew quadrupoles and octupoles, and compensation of kicker
perturbations using shakers and a stripline [35]. At HLS-II, a nonlinear kicker is
proposed to replace the current local bump injection system to mitigate injection
perturbation.

III. Injection Using an NLK for the HLS-II Storage Ring
A. Nonlinear Kicker Injection

The injection process using a nonlinear kicker (NLK) is illustrated in normalized
horizontal phase space in Fig. 10 [Figure 10: see original paper]. The beam
is injected from outside the septum and moves clockwise in phase space. To
achieve beam injection, the NLK should be located appropriately downstream
of the injection point and provide a kick to bring the injected beam into the
ring acceptance. The phase advance between the injection point and the NLK
must be considered when choosing the NLK location.

HLS-II is a user facility providing more than 5000 hours per year for user exper-
iments. To preserve sufficient user operation time, the current injection system
will remain until the new injection system is successfully commissioned. Con-
sidering storage ring space limitations and phase advance, the NLK is planned
to be placed in a downstream arc, as shown in Fig. 11 [Figure 11: see original
paper]. To simplify the upgrade, the original septum will be reused for the new
injection system.

Preliminary matching of the injection can be treated as a two-step process. The
initial step is to make the injected beam reach the NLK with an x offset, and
the subsequent step is to optimize NLK parameters. To ensure the injected
beam has an appropriate offset at the NLK location, the deflection angle of
the septum should be tuned. The magnetic field strength of the NLK can be
estimated from the position of the injected beam in phase space. Fig. 11 shows
a preliminary match result for NLK injection.

B. Physics Design of an NLK Kicker

A nonlinear kicker that produces off-axis magnetic field peaks with near-zero
center fields can be built using 8 current-driven conductors with mirrored hori-
zontal and vertical symmetry, as shown in Fig. 12 [Figure 12: see original paper]
[12]. Two conductors with opposite currents occupy each quadrant. The inner
four conductors have the same current direction while the outer four reverse
their polarity. All conductors share a common power supply.

The Biot-Savart law can be used to calculate magnetic fields generated by a
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current 𝐼 , as described in Eq. 3:

B = 𝜇0
4𝜋 ∫ 𝐼𝑑l × r

𝑟3

The magnetic field 𝐵𝑦 in the middle horizontal plane at a distance 𝑥 from the
axis (shown as point A in Fig. 12) can then be calculated by:

𝐵𝑦 = 𝜇0𝐼
2𝜋 ∑

𝑖

(−1)𝑖+1𝑦𝑖
(𝑥𝑖 − 𝑥𝐴)2 + 𝑦2

𝑖

where 𝐼 is the conductor current and positive current denotes outward flow from
the plane. 𝜇0 is the permeability of free space, and 𝑖 indicates the conductor
number. Infinite-length conductors are assumed in the calculation, and the
hard-edge field is adopted in the following analysis.

Machine learning methods are widely used in the design and optimization of par-
ticle accelerators [37–39]. Here, the intelligent optimization algorithm of Multi-
Objective Particle Swarm Optimization (MOPSO) is adopted in the physics
design of the NLK [40].

A preliminary injection matching result in horizontal phase space with ring
acceptance using a dipole kick is shown in Fig. 13 [Figure 13: see original paper].
According to the matching result, the NLK should have a peak magnetic field
of at least 220 Gauss.

Since the NLK has a length of 0.4 m in the s-direction and the injected beam
drifts in the NLK, the location of the NLK peak field can be set near 𝑥 =
−11 mm, which is outside the ring acceptance. The position with peak NLK
magnetic field is set as an objective in the optimization.

The other objective is field flatness in the central region, which determines
influence on the stored beam. Due to the symmetric configuration of the NLK,
the on-axis field strength is zero. However, because of the stored beam size,
the magnetic field gradient can cause a quadrupole kick, leading to increased
beam size. Considering the beam size at the NLK location, the field gradient is
calculated within the range of ±1 mm around the axis. The following simulation
uses real magnetic field strengths for different particles according to the NLK
field distribution.

The conductor current is fixed at 1000 A and the peak field strength is set as
a constraint which filters out optimization results when it is smaller than 220
Gauss. To ensure sufficient vertical space in the kicker vacuum chamber, the
inner conductor is set to have at least 7 mm off-axis distance in the y-direction.
Therefore, the gap of the NLK vacuum chamber can reach 12 mm, which is
comparable to the ID chambers at HLS-II.
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The Pareto front of the optimization of peak position and field gradient is plotted
in Fig. 14 [Figure 14: see original paper]. One solution is selected as the
optimization result with a peak-field location of -11 mm and field gradient of
0.5 Gauss/m. The optimized NLK and its magnetic field distribution are shown
in Fig. 15 [Figure 15: see original paper]. The main design parameters of the
NLK are listed in Table 3 .

The beam is injected on the central horizontal plane where the horizontal field
𝐵𝑥 equals 0. The vertical emittance (𝜖𝑦) of the injected beam is much smaller
than the horizontal one (𝜖𝑥), and the vertical size of the injected beam is about
0.145 mm. Considering the position error of the injected beam (see Table 5 ),
the quadrupole component (transverse gradient) of the 𝐵𝑥 field is less than 0.2
T/m. The effect of the horizontal magnetic fields of the NLK on beam injection
can then be ignored.

C. The NLK Injection for HLS-II

To determine the optimal NLK strength (or conductor current) for beam injec-
tion, the NLK magnetic field strength is varied to calculate ring acceptance. We
define two parameters, the acceptance angle and acceptance area, as shown in
Fig. 18 [Figure 18: see original paper], which represent the effective acceptance
for the injected beam. Simulation results of acceptance angle and acceptance
area versus NLK peak magnetic field are shown in Fig. 16 [Figure 16: see origi-
nal paper]. As NLK field strength increases, the acceptance area also increases
but becomes slenderer in phase space, which may reduce injection efficiency.
Therefore, the acceptance angle parameter is added to help select NLK mag-
netic strength. Considering these two parameters, the magnetic field strength
of the NLK is finally chosen to be 250 Gauss.

As previously described, the pulse duration of the current kicker power supply is
approximately six times the revolution time. We plan a new power supply with
pulse base width shorter than 440 ns to achieve single-turn injection with an
NLK for the HLS-II storage ring. The linac injector of HLS-II provides injected
bunches for the storage ring in single-bunch mode. The bunch length is 1 ns
(0.3 m), which is very short compared to the pulse base width of the injection
system. Due to the low inductance of the NLK, this power supply can be easily
realized with modern technologies.

Ring acceptance calculated by particle tracking before and after the NLK is
shown in Fig. 17 [Figure 17: see original paper]. By tracking the acceptance
back to the septum location, we obtain the ring acceptance with the NLK at the
septum, shown in Fig. 18. The position and phase space of the injected beam
are then matched to the ring acceptance with parameters presented in Table 4 .

To accurately calculate the injection efficiency of the new injection system, in-
jected beam errors should be included. According to the performance of the
HLS-II injector, the error settings of the injected beam are listed in Table 5 .
The stability of the NLK field strength also affects injection efficiency. The jitter

chinarxiv.org/items/chinaxiv-202512.00013 Machine Translation

https://chinarxiv.org/items/chinaxiv-202512.00013


of the NLK power supply is required to be less than 0.1%, which is technically
achievable.

To calculate injection efficiency as a function of error level, an error scaling
factor is introduced by multiplying errors from 0 to 2. Random errors are gen-
erated with Gaussian truncation at 3�. For each error setting, 100 bunches with
1000 particles each are used in the simulation. Simulation results of injection
efficiency versus error scaling factor are shown in Fig. 19 [Figure 19: see original
paper]. The injection efficiency is about 95% with error factor 1; when the error
factor increases to 2, the injection efficiency remains at 85%.

D. Perturbation on the Stored Beam

According to the physics design of the NLK, the central magnetic field is 0
and the field gradient is optimized to be less than 0.1 T/m. However, due to
technical limitations, field leakage to the axis of a real NLK is usually larger
when considering errors in conductor positions and the influence of the ceramic
chamber. Referring to previous work reported by other facilities [14, 18, 22, 41],
a loose error tolerance can be set for the NLK with a dipole field of 0.6 Gauss
and field gradient of 0.3 T/m. With these field errors, injection perturbation
of the stored beam at the injection point is calculated and shown in Fig. 20
[Figure 20: see original paper]. Global injection perturbation along the whole
storage ring, including maximum beam centroid and beam size change, is shown
in Fig. 21 [Figure 21: see original paper].

The typical beam orbit stability requirement for light source users is 10% of
the beam size, which can also serve as the criterion for transparent injection.
Since changes in beam centroid and size of the stored beam during injection
are smaller than 10% of the beam size, transparent injection is realized using
an NLK for the HLS-II storage ring. A more stringent error requirement can
be applied to the NLK to further reduce injection perturbation on the stored
beam.

Injection perturbations on the stored beam between local bump injection and
NLK injection are compared in Table 6 . With the new injection scheme, pertur-
bation on the stored beam is less than 10% of the beam size, meaning transparent
injection is achieved.

IV. Conclusion
The local bump injection system using four pulsed dipole kickers is currently
adopted in the HLS-II storage ring. Due to space limitations, two kickers are
placed in one straight section and the others in adjacent arcs. The dipole feed-
down fields of sextupoles located inside the local bump cause imperfection in
the local bump, resulting in distortion of the global beam orbit. Additionally,
the quadrupole feed-down components can increase the betatron oscillation am-
plitude of the stored beam. These effects ultimately degrade the performance
of the synchrotron radiation light source.
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To mitigate injection perturbation and simplify the current injection system, a
new injection scheme using a single nonlinear kicker (NLK) is proposed. The
NLK will be placed downstream of the current local bump injection kickers and
the septum will be reused. Therefore, the old injection system can remain oper-
ational until the new injection system is fully commissioned, helping minimize
impact on user operation time. To meet injection requirements, an 8-conductor
type NLK is designed with an intelligent algorithm to achieve high injection
efficiency and low perturbation on the stored beam. With reasonable error tol-
erance of the fields on the NLK axis, simulation results show that oscillation
amplitudes of the beam centroid and beam size are greatly reduced compared
to the current local bump injection. Since injection perturbation on the stored
beam is less than 10% of the beam size, transparent injection for user experi-
ments could be realized at HLS-II.

V. Acknowledgements
The authors would like to thank the engineers and scientists at NSRL for their
valuable suggestions and assistance.

[1] J. Li, G. Huang, W. Wei, W. Xu, K. Xuan, Y. Yang, Z. Zhou, in 7th Interna-
tional Particle Accelerator Conference (2016) p. THPOY028. [2] W. Xu, D. Jia,
S. Jiang, C. Li, J. Li, J. Wang, K. Xuan, Y. Yang, and X. Zhou, Proceedings
of the 8th Int. Particle Accelerator Conf. IPAC2017 (2017), 10.18429/JACOW-
IPAC2017-WEPAB064. [3] C. Abraham, L. Alianelli, and M. Apollonio, Dia-
mond Light Source Ltd., Didcot, OX, UK, Tech. Rep (2019). [4] Y. Yang, Y.-B.
Leng, Y.-B. Yan, Physics C 39, 097003 (2015). and Z.-C. Chen, Chinese [5] R.
Dimper, H. Reichert, P. Raimondi, L. S. Ortiz, F. Sette, J. Susini, G. Admans,
P. Berkvens, A. Kaprolat, and J.-L. Revol, . [6] K. Harada, Y. Kobayashi,
T. Miyajima, and S. Nagahashi, Physical Review Special Topics - Accelerators
and Beams 10, 123501 (2007). [7] H. Takaki, N. Nakamura, Y. Kobayashi, K.
Harada, T. Miyajima, A. Ueda, S. Nagahashi, M. Shimada, T. Obina, T. Honda,
Physical Review Special Topics - Accelerators and Beams 13, 020705 (2010). [8]
S. C. Leemann, New York (2011). [9] S. C. Leemann, Physical Review Special
Topics - Accelerators and Beams 15, 050705 (2012). [10] N. Yamamoto, H. Zen,
M. Hosaka, T. Konomi, M. Adachi, K. Hayashi, J. Yamazaki, Y. Takashima,
and M. Katoh, Nuclear Instruments and Methods in Physics Research Section
A: Accelerators, Spectrometers, Detectors and Associated Equipment 767, 26
(2014). [11] Z. Wang, G. Wang, K. Chen, Y. Yu, M. Hosaka, and W. Xu, Jour-
nal of Physics: Conference Series 2687, 032040 (2024). [12] T. Atkinson, M.
Dirsat, O. Dressler, P. Kuske, and H. Rast, Proc. IPAC’11 , 3394 (2011). [13]
C. Pappas, D. Baum, J.-Y. Jung, D. Robin, C. Steier, C. Sun, and C. Swen-
son, Proceedings of the 6th Int. Particle Accelerator Conf. IPAC2015 (2015),
10.18429/JACOW-IPAC2015-TUPJE084. [14] C. Sun, P. Amstutz, T. Hellert,
S. Leemann, C. Steier, C. Swen- and M. Venturini, Physical Review Acceler-
ators and Beams 23, 010702 (2020). [15] P. F. Tavares, S. C. Leemann, M.
Sjotrom, and A. Andersson, Journal of Synchrotron Radiation 21, 862 (2014).

chinarxiv.org/items/chinaxiv-202512.00013 Machine Translation

https://chinarxiv.org/items/chinaxiv-202512.00013


[16] P. Alexandre, R. B. El Fekih, A. Letrésor, S. Thoraud, J. da Silva Castro, F.
Bouvet, J. Breunlin, Å. Andersson, and P. F. Tavares, Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment 986, 164739 (2021). [17] R. Ollier, P. Alexandre, R.
B. E. Fekih, A. Gamelin, N. Hubert, M. Labat, L. Nadolski, and M.-A. Tordeux,
Physical Review Accelerators and Beams 26, 020101 (2023). [18] M. Apollonio,
A. Vorozhtsov, Å. Andersson, J. Breunlin, K. Chernenko, E. Golias, E. Kokko-
nen, C. Polley, A. Preobrajenski, M. Sjöström, et al., Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment , 170620 (2025). [19] L. Liu, X. R. Resende, and A. R.
D. Rodrigues, (2016). [20] L. Liu, M. Alves, F. Arroyo, G. Brunheira, G. Cruz,
A. Giachero, A. Oliveira, F. de Oliveira, G. Ramirez, X. Resende, et al., in Pro-
ceedings of the 14th International Particle Accelerator Conference, IPAC-2023,
Venice, Italy (2023) pp. 7–12. [21] S. White, T. Perron, et al., in Proceedings
of the 13th International Particle Accelerator Conference, IPAC2022, Bangkok,
Thailand (JACoW, 2022) p. 2679. [22] R. Fliller, NSLS-II Storage Ring In-
jection Using a Nonlinear Injection Kicker, Tech. Rep. NSLSII-ASD-TN–290,
BNL–211222-2019-TECH, 1504398 (2018). [23] G. Liu, W.-M. Li, L. Wang, and
P. Wang, Proceedings of the 12th International Particle Accelerator Conference
IPAC2021 (2021), 10.18429/JACOW-IPAC2021-WEPAB119. [24] C.-C. Chang,
C.-K. Chan, B.-Y. Chen, C.-S. Huang, C.-K. Yang, F.-Y. Lin, C.-S. Fang, K.-K.
Lin, and J.-H. Kang, Vacuum 239, 114356 (2025). [25] Z.-H. Bai, L. Wang, Q.-
K. Jia, and W.-M. Li, Chinese Physics C 37, 047004 (2013). [26] Z.-H. Bai, L.
Wang, Q.-K. Jia, and W.-M. Li, Chinese Physics C 37, 017001 (2013). [27] Y.-Y.
Wang, L. Shang, F.-L. Shang, and Y.-M. Lu, Nuclear Science and Techniques
27 (2016), 10.1007/s41365-016-0007-8, publisher: Springer Science and Business
Media LLC. [28] S.-W. Wang, W. Xu, X. Zhou, W.-B. Wu, B. Li, K. Xuan, and
J.-Y. Li, Nuclear Science and Techniques 29, 176 (2018). [29] T. He, W. Xu, K.
Chen, M. Hosaka, Z. Wang, G. Wang, G. Liu, and Z. Wang, . [30] Y.-K. Zhao,
B.-G. Sun, J.-G. Wang, F.-F. Wu, P. Lu, T.-Y. Zhou, and S.-S. Jin, Nuclear
Science and Techniques 32, 1 (2021). [31] S.-Y. Lee, Accelerator physics (World
Scientific Publishing Company, 2018). [32] L. Shang, F. Shang, Y. Lu, and Y.
Wang, Proceedings of the IPAC 2013, 687 (2013). [33] A. Terebilo, Accelerator
Toolbox for MATLAB, Tech. Rep. SLAC-PUB-8732, 784910 (2001). [34] I. C.
Hsu, Part. Accel. 34, 43 (1990). [35] S. White, J. Chavanne, M. Dubrulle, G.
Le Bec, E. Plouviez, P. Raimondi, and B. Roche, Physical Review Accelerators
and Beams 22, 032803 (2019). [36] B. MacDonald-de Neeve, M. Paraliev, and A.
Saá Hernández, in 8th Int. Particle Accelerator Conf.(IPAC’17), Copenhagen,
Denmark, 14–19 May, 2017 (JACoW, Geneva, Switzerland, 2017) pp. 3170–3173.
[37] G.-L. Wang, K.-M. Chen, S.-W. Wang, Z. Wang, T. He, M. Hosaka, G.-Y.
Feng, and W. Xu, Nuclear Science and Techniques 35, 75 (2024). [38] Y.-B. Yu,
G.-F. Liu, W. Xu, C. Li, W.-M. Li, and K. Xuan, Nuclear Science and Tech-
niques 33 (2022), 10.1007/s41365-022-01018-w, publisher: Springer Science and
Business Media [39] H.-X. Yin, J.-B. Guan, S.-Q. Tian, and J.-K. Wang, Nu-
clear Science and Techniques 34 (2023), 10.1007/s41365-023-01284-2, publisher:
Springer Science and Business Media [40] C. Coello Coello and M. Lechuga, in

chinarxiv.org/items/chinaxiv-202512.00013 Machine Translation

https://chinarxiv.org/items/chinaxiv-202512.00013


Proceedings of the 2002 Congress on Evolutionary Computation. CEC’02 (Cat.
No.02TH8600) (IEEE, Honolulu, HI, USA, 2002) pp. 1051–1056 vol.2. [41] P. F.
Tavares, E. Al-Dmour, Å. Andersson, F. Cullinan, B. N. Jensen, D. Olsson, D.
K. Olsson, M. Sjöström, H. Tarawneh, S. Thorin, and A. Vorozhtsov, Journal
of Synchrotron Radiation 25, 1291 (2018).

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202512.00013 Machine Translation

https://chinarxiv.org/items/chinaxiv-202512.00013

	Injection upgrade for a storage ring based light source
	Abstract
	Full Text
	Preamble
	Introduction
	II. Local Bump Injection System of the HLS-II
	A. Parameters of the HLS-II Storage Ring
	B. Local Bump Injection
	C. Imperfection of the Local Orbit Bump
	D. Stored Beam Perturbation

	III. Injection Using an NLK for the HLS-II Storage Ring
	A. Nonlinear Kicker Injection
	B. Physics Design of an NLK Kicker
	C. The NLK Injection for HLS-II
	D. Perturbation on the Stored Beam

	IV. Conclusion
	V. Acknowledgements


