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Abstract
Beam-induced heating of equipment can have several un-

desirable effects, including rendering the equipment tem-
porarily unavailable, equipment degradation and/or damage.
Hence, to avoid these problems, it may be imperative to limit
beam intensity. Beam-coupling impedance mitigation of ex-
isting devices and/or design optimization of new accelerator
elements are essential to overcome these limitations. In this
framework, a very good example is the optimization of the
SPS kickers beam-coupling impedance for beam-induced
heating mitigation. This paper describes the beam-coupling
impedance measurements and simulation studies performed
to identify and potentially remove the intensity limitation
arising from the excessive beam-induced heating of an SPS
injection kicker.

INTRODUCTION
The beam coupling impedance characterizes the interac-

tion between the particle beam and an accelerator device.
During the traversal through the accelerator, the particle
beam will induce electromagnetic fields which will affect
the motion of the beam itself. This mechanism is studied to
understand, predict and prevent beam instability behaviour.
However, beam induced EM fields also cause heating of
the accelerator device itself. In the case of a ferrite kicker
magnet, the heating resulting from the beam induced power
loss [1] could raise the ferrite temperature to its Curie tem-
perature, with risk of device damage or malfunction. It is
preferable to address potential beam induced heating issues
in the design phase. However, due to the more relaxed perfor-
mance constraints, decades ago, beam coupling impedance
effects were not systematically taken into consideration when
designing new accelerator components. For this reason, the
original design of the SPS ferrite loaded kickers was not
optimized in terms of beam induced heating. For example,
due to heating issues [2], the original design of the SPS
extraction kickers (MKEs) had to be modified [3]. Inter-
leaved fingers were printed by serigraphy directly on the
ferrite. The serigraphy creates a parallel impedance that
if properly engineered can shield the ferrite bringing a sig-
nificant reduction of the beam coupling impedance over a
broad frequency range without affecting the rise time of the
kicker and its High Voltage (HV) performance [3, 4]. In the
case of the SPS extraction kickers, the serigraphy brought
to a significant reduction of the real part of the longitudinal
impedance below 2 GHz with a consequent reduction of a
factor ∼4 of the beam induced heating [5, 6]. On the other
hand, the serigraphy introduced an impedance resonance
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at 44 MHz [6]. This resonance was studied in detail and
was identified to be a quarter wavelength resonance on the
serigraphy fingers [5, 6]. To minimize the impact of this
resonance on the beam induced heating the finger length was
optimized to shift the resonance frequency as far as possible
from the beam spectrum lines. This required shortening the
serigraphy length by 20 mm [7]. The solution was imple-
mented and experimentally validated during SPS scrubbing
runs [8]. This solution gave an additional 40% margin in
the SPS bunch intensity, which is crucial for the HL-LHC
beams [9]. After the optimization of the SPS extraction kick-
ers, the SPS injection kicker (MKP-L) became the bottleneck
for CERN-SPS beam induced heating [10].

BEAM INDUCED HEATING MITIGATION
OF THE SPS INJECTION KICKERS

The MKP kicker modules have C-shaped ferrite cores
sandwiched between high voltage (HV) plates. Plates con-
nected to ground are interleaved between the HV plates: the
HV and ground plates form a capacitor to ground. One C-
core, together with its HV and ground capacitance plates,
is named a cell [11]. The kicker module is divided into 22
cells, each 31 mm long.

The SPS injection kicker system is composed of four tanks
(three MKP-S and one MKP-L tank): the MKP-L tank con-
tains four modules. The MKP-L, due to the wider aperture,
has a higher impedance than the MKP-S at lower frequency.
This causes a stronger interaction with the beam spectrum
and hence higher beam induced power loss [12]. Figure 1
shows a comparison of the beam coupling impedance of the
MKP-S and MKP-L while Fig. 2 shows the expected ratio
between the MKP-L and MKP-S beam induced power loss.

Figure 1: Real part of the longitudinal beam coupling
impedance: comparison between the original MKP-L (red
curve) and the MKP-S (green curve).
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Figure 2: Power loss ratio between the original MKP-L and
MKP-S as function of the bunch length.

The need to mitigate the MKP-L beam induced power
loss in order to accommodate HL-LHC beam intensities
was identified already in 2013 and reported in [13]. Con-
sequently potential solutions to mitigate the beam induced
heating were investigated. Based also on the SPS extraction
kicker experience, a design with silver fingers was developed.
However, due to the shorter length of the MKP-L ferrite cells,
31 mm in comparison with 235 mm, applying the fingers di-
rectly on an MKP-L ferrite, as done for the MKEs, was not a
viable solution. It was found that significantly longer fingers,
extending over several cells, would be needed to efficiently
shield the impedance. This was achieved by applying silver
fingers on the beam side of ceramic (Al2O3) plates, with the
fingers connected to the module end ground plates, to en-
sure isolation from the ferrite and HV plates. Details about
the first version of the impedance shielding of the MKP-L
can be found in [14]. This initial beam coupling impedance
mitigation solution was successfully verified with bench
measurements (see Fig. 3).

Figure 3: Real part of the longitudinal beam coupling
impedance: comparison between measurements (solid lines)
and simulation model (dashed lines) of the original and the
new MKP-L module.

The original version (without silver fingers) of the MKP-L
module, without vacuum tank, was measured using the well
known stretched wire method [15]. Subsequently, the ce-

ramic plates with fingers were inserted into the module aper-
ture and the measurements repeated. Good agreement was
observed between simulation models and measurements for
both cases, with and without fingers, even showing fine de-
tails such as a small resonance, due to the cell length, at about
300 MHz. Unfortunately, this first version was not a good so-
lution at high voltage [16]. After several investigations, the
connection of the fingers to the HV end-plates was chosen
as the best solution [16]. Beam coupling impedance mea-
surements on this configuration were benchmarked against
the simulation model [17]. This comparative analysis al-
lowed a further optimization of the simulation model [17].
The improved model was used to predict the beam cou-
pling impedance for several configurations with the silver
fingers applied to Al2O3: Figure 4 shows a sketch of the con-
cept. As previously mentioned, the shielding introduces an
impedance resonance. The aim of the design optimization
was to keep the resonance as narrow and as far as possible
from high amplitude beam spectrum lines.

Figure 4: Sketch of the silver fingers applied to Al2O3.

Optimization of the MKP-L impedance shielding was
needed to find the best compromise between beam induced
heating mitigation and HV behavior [16]. Long fingers
are required for best impedance shielding and short fingers,
especially at the output end of the magnet [16], for best
HV behaviour. Another relevant constraint to the impedance
mitigation concerned the aperture dimensions, which limited
the available ceramic thickness and gap from the ferrite
cores.

Once the MKP-L design was optimized for both HV be-
haviour and impedance, and verified on a prototype module,
all four modules were assembled [18]. A comparison be-
tween measurements and the simulation model of the fully
assembled MKP-L is presented in Fig. 5. A difference of up
to 2 MHz, between measurements and predictions, for the
resonance near 40 MHz, occurs [19]. The slight differences
between simulations and measurements are mainly related
to the wire method setup which introduces an additional
TEM mode and consequently additional losses [6, 20]: ma-
terial properties’ uncertainty is also an important factor in
the model.

Figure 6 shows a comparison of the real part of the
longitudinal beam coupling impedance of the original
design and the new, low impedance, design. One can notice
the significant reduction of the broadband impedance:
however, resonances are introduced in the low frequency
range. The design of the shielding has been optimized,
with the HV constraints in mind, to place the dangerous
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impedance resonance as far as possible from the 40 MHz,
25ns, beam spectrum line maximizing also the distance
from 8b4e additional lines.

Figure 5: Real part of the longitudinal beam coupling
impedance: measurements on the new MKP-L (fully as-
sembled) and comparison with the simulation model.

Figure 6: Real part of the longitudinal beam coupling
impedance: comparison between the original and the fi-
nal version of the new MKP-L module.

The low impedance MKP-L has been installed in the SPS
during the Year-End Technical Stop (YETS) 2022–2023. In
very good agreement with the predictions, the new MKP-L
heating has been dramatically reduced and is now signifi-
cantly lower than MKP-S heating. As an example, Table 1
shows a comparison of the expected power loss ratio and
the measured temperature gradient ratio during the scrub-
bing run 2023. The relative temperature data analyzed are
highlighted in Fig. 7. In agreement with the expectations,
the temperature gradient ratio between MKP-S and MKP-L
significantly increases during flat top scrubbing due to the

reduction of the bunch length. It is also worth mentioning
that, during the long flat top scrubbing, there is a high rate
of change of temperature for the MKP-S, which may now
be the new bottleneck in terms of beam induced heating.
Long flat top scrubbing had to be adapted to allow MKP-S
cooldown.

Table 1: Comparison of power loss ratio and heating ratio
observed during scrubbing run 2023 for different beam types.

Beam type (
𝚫𝑾𝑴𝑲𝑷−𝑺
𝚫𝑾𝑴𝑲𝑷−𝑳

)𝒔𝒊𝒎 (
𝚫𝑻𝑴𝑲𝑷−𝑺
𝚫𝑻𝑴𝑲𝑷−𝑳

)𝒎𝒆𝒂𝒔

flat bottom scrubbing 1.5 1.6
long flat top scrubbing 5.5 6.9

8b4e long flat top 5.2 6.3

Figure 7: Temperature evolution of MKP-L and MKP-S
during 2023 scrubbing run. The temperature data used in
Tab. 1 have been highlighted (flat bottom scrubbing in blue,
8b4e in green and long flat top scrubbing in orange).

CONCLUSIONS
The ferrite loaded kickers are the main limitation in terms

of beam induced heating in the SPS. After the optimization
of the SPS extraction kickers, the bottleneck was represented
by the SPS injection kickers. Due to the aperture dimensions
of the MKP-L, these modules have more beam induced heat-
ing than the MKP-S. To accommodate LIU beam intensities,
it was necessary to mitigate the beam induced heating of
this kicker. The beam coupling impedance shielding solu-
tion of the device has been discussed. The model has been
successfully validated with bench measurements. In good
agreement with the expectations, the first 2023 temperature
data of the new MKP-L confirm the expected effectiveness
of the beam induced heating mitigation solution.
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