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Abstract
Xsuite is a collection of Python packages developed to sim-

ulate beam dynamics in particle accelerators. It includes dif-
ferent modules that can be seamlessly integrated together and
with both accelerator-specific and general-purpose Python
tools, enabling the study of complex simulation scenarios.
The Xcoll module, developed for collimation studies, al-
lows the integration of beam–matter interaction simulations
into tracking through various available scattering models,
including those from the BDSIM/Geant4 toolkit. Originally
developed for the Future Circular 𝑒+𝑒− Collider (FCC-ee)
collimation studies, the Xsuite–BDSIM interface is now in
full production use for FCC-ee. Given the novelty of this sim-
ulation framework, a key challenge is its validation against
experimental measurements. This paper presents the first
comparison of Xsuite–BDSIM collimation simulations with
experimental data from an 𝑒+𝑒− collider, SuperKEKB.

INTRODUCTION
SuperKEKB [1, 2] is a 3016 m circumference 𝑒+𝑒− B-

factory located at KEK in Tsukuba, Japan. It consists of
two storage rings: the 7 GeV 𝑒− High Energy Ring (HER)
and the 4 GeV 𝑒+ Low Energy Ring (LER), delivering high-
luminosity collisions to the Belle II [3] experiment, which
performs precision measurements in the flavour sector and
searches for physics beyond the Standard Model.

Beam losses are a major challenge for the Belle II detector,
as they can cause backgrounds that degrade detector perfor-
mance or even damage sensitive components. To mitigate
them, SuperKEKB employs movable collimators that inter-
cept halo particles before they reach the interaction region
(IR). Radiation levels are monitored by dedicated detectors
integrated into Belle II. These measurements provide con-
tinuous diagnostics and enable correlation studies between
background levels and machine conditions.

Simulations are essential to predict backgrounds and en-
sure safe operation as the collider approaches its luminosity
goal. At SuperKEKB, beam background simulations are
typically performed using the SAD [4] tracking code with
Geant4-parametrized collimator interactions. This approach
has shown excellent agreement with experimental data from
dedicated background studies [5, 6].

In this work, we benchmark the Xsuite–BDSIM simu-
lation framework against one of these studies, performed
in June 2020 [5]. Specifically, we compare simulated and
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Figure 1: SuperKEKB collimator layout as of June 2020 [5].

measured dose rates at an IR diamond radiation monitor dur-
ing a vertical collimator scan in the LER. This constitutes
the first validation of Xsuite–BDSIM for collimation and
background studies at a lepton collider.

BEAM-INDUCED BACKGROUNDS
The main single-beam background sources relevant to this

study are Touschek and beam–gas scattering [5, 6]. These
processes produce beam halo particles that can deviate from
the nominal orbit and strike collimators or other compo-
nents, generating secondary particles that may contribute to
detector backgrounds.

Touschek scattering [7] results from large-angle intra-
bunch Coulomb scattering, where transverse momentum
is transferred into longitudinal momentum. The resulting
off-momentum particles can exceed the local momentum
acceptance and be lost downstream. This effect is espe-
cially relevant in low-emittance, high-current rings like Su-
perKEKB. Beam–gas interactions arise from scattering with
residual gas molecules and include both elastic (Coulomb)
and inelastic (Bremsstrahlung) processes. These interac-
tions generate particles with large transverse amplitudes or
momentum deviations, contributing to beam halo formation.

Other background sources, such as injection-related
losses, may contribute during top-up cycles but are not sig-
nificant under the conditions considered and are therefore not
included in this study. Radiative Bhabha scattering, while
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an important background source during collisions, is a two-
beam process and thus irrelevant in single-beam operation.
Accordingly, it is not addressed in this work.

Therefore, in this paper, Touschek and beam–gas scatter-
ing are the only single-beam background sources considered.

SuperKEKB COLLIMATION AND
BACKGROUND STUDY

This section describes the SuperKEKB collimation sys-
tem as of June 2020 and the background study analyzed
in this paper. A detailed and up-to-date description of the
SuperKEKB collimation system, including later upgrades,
can be found in Refs. [8, 9].

The SuperKEKB collimation system [10] is designed to
intercept off-orbit particles before they reach the IR, thereby
reducing beam-induced backgrounds and protecting sensi-
tive components. Each ring is divided into twelve sections
(D01–D12), and hosts a set of movable collimators installed
at high-beta locations. The HER and LER are equipped
with 20 and 10 collimators, respectively, as shown in Fig. 1.
Most collimators consist of two copper jaws with high-Z
material tips made of W or Ta; the LER vertical collimator
D06V1—central to this study—features a 5 mm long Ta tip.

On June 27, 2020, a dedicated single-beam background
study was conducted on the SuperKEKB LER [5]. The
D06V1 aperture was varied in steps, and radiation dose rates
were recorded at the Belle II radiation monitors. In this
work we focus on the QCS-FW diamond detector, located at
+56.8 cm from the interaction point (IP) along the positron
beam direction. The evolution of the D06V1 aperture and
corresponding QCS-FW dose rate is shown in Fig. 2.

SIMULATION FRAMEWORK
In this study, we use Xsuite–BDSIM [11–13] to simu-

late beam losses at SuperKEKB/Belle II. These losses are
then used as inputs to estimate the resulting background
dose rates in the interaction region. Xsuite–BDSIM com-
bines particle tracking in the accelerator lattice, handled
by Xsuite [14], with detailed Monte Carlo simulations of
particle–matter interactions in the collimators using BD-
SIM [15,16], a Geant4 [17–19]-based toolkit.

To simulate the relevant background sources, we use ded-
icated routines for Touschek and beam–gas scattering, cur-
rently interfaced as stand-alone modules but developed with
the goal of eventual integration into Xsuite. The beam–gas
module models both Bremsstrahlung and Coulomb scat-
tering during tracking, using arbitrary pressure profiles as
input [20]. The Touschek routine combines a Monte Carlo
method and Piwinski formula [21], following the approach
presented in Ref. [22] and implemented in ELEGANT [23].

These simulations produce distributions of particles lost
on the beam pipe aperture. To evaluate the resulting radi-
ation dose rates in the Belle II diamond detectors, we use
the Belle II Analysis Software Framework (basf2) [24,25],
whose background module estimates the dose rate in the IR
monitors based on the spatial and kinematic distribution of
particle losses on the inner beam pipe.

SIMULATION SETUP
To reproduce the June 2020 background study in simula-

tion, the first step involved converting the lattice description
from SAD (native to SuperKEKB) to Xsuite. This required
a careful optics rematching strategy to account for the na-
tive differences between the two frameworks. Details on this
conversion procedure and on achieving consistent lattice rep-
resentation across optics codes can be found in Refs. [26,27].

Accurate modeling of the SuperKEKB-type collimators
was also essential for reproducing the experimental results.
A new collimator model (“jcoltip”) was implemented in
BDSIM to reproduce the two-material structure of these
devices, consisting of a copper body and a high-Z tip. The
Xsuite–BDSIM interface via Xcoll was extended accord-
ingly to support this new geometry.

Simulations were then performed with different D06V1
collimator apertures for each single-beam background
source: Coulomb scattering, Bremsstrahlung, and Touschek.

In beam–gas simulations, 1500 scattering centers were
uniformly distributed along the LER. To improve computa-
tional efficiency, cross sections were biased during the first
turn to increase the scattering probability; scattered particles
were then tracked for 999 subsequent turns without further
beam–gas interactions to model the propagation of beam-
gas-scattered particles through the ring [20]. A realistic
pressure profile corresponding to a beam current of 200 mA

Figure 2: Measured dose rate at the QCS-FW diamond detector during the June 27, 2020 SuperKEKB LER background
study, shown as a function of time and overlaid with the D06V1 collimator aperture. The raw dose rate (light red) is
displayed alongside a smoothed trend (solid red). The study was performed at a beam current of 200 mA, using 978 bunches
with horizontal/vertical emittances of 3.3 nm and 22 pm, respectively, and a bunch length of 5 mm [5].
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was used. Based on SuperKEKB experience, a single atomic
gas species with atomic number 𝑍 = 7 was assumed for the
entire ring.

Touschek simulations employed 1000 uniformly spaced
scattering centers around the ring. Scattered particles were
generated at each center and tracked for 1000 turns.

Approximately 107 primary particles were simulated for
each beam–gas simulation, and between 2 × 107 and 3 × 107

for each Touschek simulation.
All simulations included the full nonlinear lattice, detailed

beam pipe aperture, and realistic collimator geometry im-
plemented in BDSIM/Geant4. Synchrotron radiation and
machine errors were not included. The omission of syn-
chrotron radiation is justified by the limited simulation time
(1000 turns), which corresponds to about one-quarter of
the damping time in the LER. At this level, synchrotron
radiation is not expected to significantly alter the results.

For each case, particles lost within ±4 m of the IP (Belle II
region) were recorded and used as input to basf2 to compute
the dose rate at the QCS-FW diamond detector. The contri-
butions from all background sources were then combined to
estimate the total dose rate.

Following Ref. [5], a 150 µm vertical offset was applied
to D06V1 to better match the observed dose response.

RESULTS
The simulation results were compared with experimental

data collected during the D06V1 vertical collimator scan on
June 27, 2020, presented in [5]. Figure 3 shows the relative
dose rate measured by the QCS-FW diamond detector as a
function of the D06V1 aperture, expressed in units of the
vertical beam size (𝜎𝛽𝑉). Xsuite–BDSIM predictions are
overlaid on the experimental measurements.

Figure 3: Comparison of simulated and measured relative
dose rates in the QCS-FW diamond detector as a function
of D06V1 collimator aperture, expressed in units of verti-
cal beam size 𝜎𝛽𝑉. Simulated values were obtained with
Xsuite–BDSIM, including beam–gas and Touschek sources.

To enable a meaningful comparison, both datasets were
processed following the normalization procedure described
in Ref. [5]. The baseline dose rate, corresponding to aper-
tures smaller than 52 𝜎𝛽𝑉, was subtracted from all points.
The resulting values were then normalized to the average
dose rate observed at large apertures (above 92 𝜎𝛽𝑉), where
the background level reaches a plateau.

As seen in Fig. 3, the Xsuite-based simulation accurately
reproduces the overall shape of the dose rate curve. In par-
ticular, it captures the steep increase in dose rate around
60–80 𝜎𝛽𝑉, followed by saturation at larger apertures.

Figure 3 corresponds to Fig. 16(a) in Ref. [5], which com-
pares the same normalized experimental dataset with nor-
malized dose rates predicted by SAD–Geant4 simulations.
Our results demonstrate that Xsuite–BDSIM achieves a com-
parable level of agreement, validating its use for background
modeling and collimation studies in 𝑒+𝑒− machines.

This level of agreement confirms the robustness of the
Xsuite–BDSIM simulation chain, including the lattice con-
version, the new collimator model, and the dedicated back-
ground source routines. It supports the applicability of the
framework to operational background predictions and fur-
ther studies at SuperKEKB and future lepton colliders.

CONCLUSIONS AND OUTLOOK

We have presented the first benchmark of the Xsuite–BD-
SIM simulation framework against measured beam-induced
background data at SuperKEKB. The study focused on a
dedicated vertical collimator scan performed in the LER
on June 27, 2020. Using realistic lattice optics, collimator
geometry, and dedicated scattering models for beam–gas
and Touschek processes, we simulated the expected dose
rates at the QCS-FW diamond detectors and compared them
to experimental measurements.

The simulations reproduce the measured relative trend
with high accuracy. This result validates the Xsuite–BD-
SIM framework as a reliable tool for collimation studies in
𝑒+𝑒− storage rings and demonstrates its ability to reproduce
complex beam loss scenarios observed in operation.

The developments presented in this work — including
the lattice conversion from SAD, the new two-material col-
limator model in BDSIM, and the integration of dedicated
background source routines — provide a solid foundation
for applying Xsuite-based simulations to SuperKEKB and
other lepton colliders.

As a natural extension, future studies could explore ad-
ditional collimator configurations and other background
sources, such as injection-related or luminosity-induced
backgrounds. Further improvements to simulation realism,
including the inclusion of synchrotron radiation and machine
imperfections, are also foreseen. These developments can
support ongoing studies at SuperKEKB and contribute to
the broader validation and deployment of Xsuite for future
machines such as the FCC-ee [28, 29].
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