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Abstract

The High Energy Photon Source (HEPS) is a fourth-gen-
eration synchrotron radiation facility with design beam
emittance of less than 60 pm. Impedance modelling is an
important subject due to the adopted small beam pipe as
well as the tight requirements from beam collective effects.
Narrowband impedances can be generated by the disconti-
nuity of the vacuum chamber or the finite conductivity of
the beam pipe. The coupled bunch instabilities caused by
the narrowband impedances could restrict the beam current
or perturb the synchrotron radiations. In this paper, the nar-
rowband impedances in the HEPS storage ring are investi-
gated element by element.

INTRODUCTION

The High Energy Photon Source (HEPS) [1] is designed
with beam energy of 6 GeV and natural emittance of less
than 60 pm. The typical vacuum chamber has a circular
cross section with radius of 11 mm. The full aperture at the
undulators is around 5~8 mm. In addition to the small mo-
mentum compaction factor in order to reach diffraction
limited emittance, the impedance can have an influence on
the stationary beam parameters [2], as well as restrict the
single bunch intensity [3, 4]. Meanwhile, the impedance
induced transient effect during injection can also become
potential restrictions to the ring injection [5]. On the other
hand, the narrowband impedances generated by the discon-
tinuity of the vacuum chamber, such as the cavities, or the
resistive wall impedance in the transverse plane, can also
induce coupled bunch instabilities, that will restrict the to-
tal beam current, perturb the synchrotron radiations or in-
duce heating issues due to the parasitic power loss from the
beam. Therefore, the impedance needs to be carefully mod-
elled and well controlled.

According to the careful modelling of the ring imped-
ance [3, 6], the dominant impedance contributors in HEPS
are identified. The origins of the narrowband impedance
are first identified from the impedance spectrum obtained
by wake field solver. Then the field distributions and de-
tailed information of the narrowband impedances are fur-
ther studied by eigen mode solver. The dominant contribu-
tors to the narrowband impedance include the resistive wall,
in-vacuum undulators, kickers, photon absorbers, RF cavi-
ties, Gate Valve, BPM & bellows assembly and DCCT.

In this paper, both longitudinal and transverse narrow-
band impedances of the key elements are investigated.
Their potential influences to the coupled bunch instability
are discussed to make sure that the instability thresholds
are maintained above the operation parameters.
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RESISTIVE WALL

The sharp resonance of the transverse resistive wall im-
pedance at around zero frequency is one of the major con-
tributions to transverse coupled bunch instabilities. The
growth rate of the instability is mainly determined by the
impedance at the frequency around the revolution fre-
quency.

Normally, the well-known impedance formula consider-
ing infinite wall thickness [7] can well represent the reso-
nance. However, for the circular accelerators with large cir-
cumference or for vacuum chamber with thin wall thick-
ness, the electromagnetic field at the revolution frequency
will penetrate outside the vacuum chamber. In these cases,
the transverse impedance will deviate from the well-known
formula and the impedance theories for finite wall thick-
ness [8, 9] should be used.

The HEPS storage ring has a revolution frequency of
220.4 kHz. The horizontal and vertical working points are
115.15 and 104.29, respectively. So that the dominant im-
pedance contributors to the coupled bunch instabilities are
sampled at 187.3 kHz in the horizontal plane and
156.5 kHz in the vertical plane. The transverse resistive
wall impedance contributed from different vacuum compo-
nents are shown in Fig. 1. Here, only the vertical imped-
ance is shown, since it is normally dominant compare to
the horizontal one, due to the existence of large number of
vertical insertion devices with small gap.
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Figure 1: The real part of the vertical resistive wall imped-
ance generated from different vacuum components.

The results show that the transverse resistive wall im-
pedance is mainly contributed by the insertion devices, the
main vacuum chamber as well as the bending magnets.
With the impedance, the transverse resistive wall instabil-
ity has a fastest growth rate of approximately 0.4 ms.
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IN VACUUM UNDULATORS

The in vacuum undulators generate vertical narrowband
impedance due to the ridge waveguide structure formed by
the magnetic poles and the vacuum chamber tank. The
schematic view of the transverse cross section at the center
of the IVU is shown in Fig.2. The transverse resonances
are also measured with the coupling probes. The key pa-
rameters of the first four dominant HOMs are listed in
Table 1, and compared with the simulation results. The
measured frequencies of the modes show good agreement
with the simulations. However, the quality factors meas-
ured are much lower than the simulations. This can be ex-
plained by the damping effect of the complex components
of the structure [10]. With the measured quality factors, the
shunt impedances of the resonances are evaluated. In reso-
nant condition, the impedance is still higher than the im-
pedance threshold given by the synchrotron radiation
damping and bunch-by-bunch feedback system is needed.

Figure 2: Transverse cross section view at the center of the
IVU.

Table 1: Comparison of Measurement and Simulations on
the IVU HOM Parameters

Simulation Measurement
/IMHz] 0  fIMHz] 0
74.1 2483 75.9 153
87.8 1875 88.9 268
109.6 1531 110 241
136.7 1416 136.4 329

INJECTION STRIPLINE KICKERS

The necessity of the short pulse bottom width (less than
10 ns) and strong deflection field requires the kicker to
have a short length and a small gap between the electrodes,
respectively. A novel five-cell stripline kicker [11] is pro-
posed in order to save longitudinal space as well as to re-
duce the beam coupling impedance. The geometrical view
of the kicker is shown in Fig. 3. Comprehensive studies
have been undertaken to characterize the impedance of the
stripline kicker [12]. Resonances are mainly generated by
the gaps between the adjacent electrodes as well as that be-
tween the electrode and vacuum chamber.

Both the longitudinal and transverse impedances of the
five-cell stripline kicker present TEM-mode-like reso-
nances below ~ 4GHz. In this frequency range, the imped-
ance behaviour is more or less identical to that of the single
cell kickers, since the electromagnetic field generated by
the beam is more localized. However, at frequencies above

THPC: Thursday Poster Session: THPC

JACoW Publishing
doi: 10.18429/JACoW-IPAC2024-THPC58

4 GHz, the impedances are remarkably reduced in compar-
ison to five, individual, single cell kickers, due to the miti-
gation of the resonant effect from the interaction among
different kicker cells. The resonances are mainly concen-
trated above 10 GHz.

Figure 3: Longitudinal cross section along the beam axis of
the five-cell stripline kicker.

DUMP KICKER

Two slot pipe kickers, as shown in Fig. 4, are used for
the beam dump in machine protection. One of them is lo-
cated in the vertical plane, and the other one is located in
the horizontal plane, which is longer but with similar struc-
ture as in the vertical plane. Due to the non-perfect field
matching at the connection between the electrodes and
feedthrough, as well as the reflection from the power sup-
ply, resonances exist in the transverse plane. The dominant
HOMs located below 1 GH. A batch of impedance meas-
urements are also performed and confirmed the resonances
and influence of the feedthrough terminals.

Figure 4: Longitudinal cross section along the beam axis of
the vertical dump kicker.

PHOTON ABSORBERS

In order to protect sensitive components for synchrotron
radiation damage, photon absorbers are commonly adopted
either in the bending magnets or in the in-air undulators
(IAUs). The absorbers normally located in the antecham-
bers and intrude inside the beam pipe area. In addition,
gaps are reserved in both up and down sides of each ab-
sorber to ensure that the distance between the tip of the ab-
sorber and the beam can be adjusted. Therefore, horizontal
modes could be trapped between the absorber and the vac-
uum tank hosting them [13]. Both the impedance contribu-
tions from the absorbers in the IAUs and bending magnets
are investigated. The horizontal HOMs from the absorbers
are mainly focused below 2 GHz.

COLLIMATORS

Collimators are needed to scrape particles with large os-
cillation amplitude and control the activation or particle
losses on the insertion devices, as well as in other areas of
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the tunnel. To reach the requirements, the design configu-
ration features small gaps between the collimator jaws. The
collimator jaws are made of copper and located in the hor-
izontal plane. Carbon is used on the tip of the collimator
jaw since it is more robust against beam hitting. Although
taper transition has been adopted on both sides of the col-
limator jaw, there are still trapped modes in the horizontal
plane. However, the existence of carbon seems to show
some detuning effect to the HOMs.

GATE VALVES

The cavity structure formed by the gate valves will be
shielded by longitudinal slots, which are made of copper
beryllium. The slots bend outward to ensure that they will
not interact with beam by accident. The cavity formed by
the bended slots introduces narrowband resonances in both
longitudinal and transverse planes. Considering the large
quantity of the gate valves adopted in the ring, they give
the strongest longitudinal mode at around 8.5 GHz.

DIAGNOSTIC COMPONENTS

The narrowband impedance contributed by the diagnos-
tic components, including feedback kickers, BPM and bel-
lows assembly and DCCT, is investigated. The design of
the feedback kickers has been optimized in order to miti-
gate their impedance contributions, especially for the nar-
rowband resonances. The shunt impedances of the feed-
back kickers are all well below the CBI threshold deter-
mined by the synchrotron radiation damping. For the
DCCT, due to the existence of the ceramic insertion, a res-
onance in the longitudinal plane exists at around 280 MHz,
but well below the CBI threshold. Concerning the BPM
and bellows assembly, narrowband impedances in the lon-
gitudinal plane are observed around the cut-off frequency
of the vacuum chamber. The transverse modes are mainly
located above 6 GHz.

SUMMARY

The narrowband impedances of the key vacuum ele-
ments in HEPS are investigated by eigen mode simulations,
some of which have also been identified by the bench
measurements. Figures 5-7 show the shunt impedance of
the narrowband resonances in both longitudinal and trans-
verse planes. The results are also compared with the cou-
pled bunch instability threshold determined by the syn-
chrotron radiation damping at different operation scenarios.
In the longitudinal plane. The longitudinal HOMs are all
well below the threshold with harmonic cavity, however
for the cases without harmonic cavity, the HOMs from the
gate valves and BPM & bellows assembly are above the
threshold. In the transverse plane, there are several modes
below 1 GHz exceed the CBI threshold. They are mainly
contributed by the in vacuum undulators, dump kickers and
photon absorbers. These modes need to be further damped
by the feedback kickers.
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Figure 5: The shunt impedance of the longitudinal narrow-
band resonances, which are compared with the coupled
bunch instability threshold determined by the synchrotron
radiation damping at different operation scenarios (with
different RF setting or beam current).
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Figure 6: The shunt impedance of the vertical narrowband
resonances, which are compared with the coupled bunch
instability threshold determined by the synchrotron radia-
tion damping at different operation scenarios (with differ-
ent RF setting or beam current).
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Figure 7: The shunt impedance of the horizontal narrow-
band resonances, which are compared with the coupled
bunch instability threshold determined by the synchrotron
radiation damping at different operation scenarios (with
different RF setting or beam current).
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