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Abstract

In the framework of the LHC Injector Upgrade project, a
new internal dump for the CERN Proton Synchrotron (PS)
has been designed, installed, and successfully commissioned.
This device is meant to move rapidly into the beam and stop
charged particles over several turns to provide protection to
the PS hardware against beam-induced damage. The perfor-
mance of the dump should ensure efficient use throughout
the PS energy range, i.e., from injection at 2 GeV (kinetic
energy) to flat top at 26 GeV (total energy). In this paper,
detailed numerical simulations are presented, carried out
with a combination of sophisticated beam dynamics and
beam-matter interaction codes, assessing the behaviour of
stopped or scattered particles. The results of these numerical
simulations are compared with the data collected during the
routine operation of the PS and its internal dump.

INTRODUCTION

During the second long shutdown of the CERN accelera-
tor complex (2019-2021), the internal dumps of the PS ring,
installed in straight sections (SS) 47 and 48, have been re-
placed. This was part of the LHC Injector Upgrade (LIU) [1,
2] project. In fact, the increase in beam brightness imposed a
redesign and an upgrade of the dumps. Several studies have
been carried out to check the thermomechanical properties
of the new dump design [3, 4] as well as its ability to shave
the beams [5]. In Ref. [5] a simplified model of beam dy-
namics in the PS ring was studied with the goal of accessing
the multiturn effects in the beam-dump interaction.

The goal of this paper is to further develop the approach
presented in Ref. [5] by using a beam dynamics code coupled
with a code that simulates the beam-matter interaction. This
enables considering the distribution of beam losses along
the ring circumference, which is a key observable to assess
whether additional shielding might be needed to protect
the accelerator hardware. The typical parameters used in
the simulations are listed in Table 1. Note that the column
“LHC” refers to the proton beam used for the physics at the
LHC, a high-brightness beam, while the column “SFTPRO”
refers to the proton beam for the fixed-target programme
at the CERN Super Proton Synchrotron (SPS) ring, a high-
intensity beam. The ultimate goal is to compare the results
of the simulation with the beam-based measurements [6].
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Table 1: Typical beam and optics parameters used in the
simulations for the PS internal dump, which are taken from
the specifications [7, 8].

Parameter Unit LHC SFTPRO

𝐸𝑡 [GeV] 26.4 14
𝜖∗

𝑥/𝜖∗
𝑦 [mm mrad] 2.3 9/5

𝑄𝑥 6.217 6.247
𝑄𝑦 6.280 6.298
𝑄′

𝑥 1.67 3.93
𝑄′

𝑦 0.44 1.91
𝜎𝛿 [10−3] 0.4 0.1

MODEL OF THE PS RING
The studies presented in this paper require an accurate

representation of the beam dynamics and aperture model
along the PS ring as well as the beam-matter interactions
occurring in the internal dump and the dynamic change of
the dump position must be implemented with care.
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Figure 1: Evolution of the horizontal (top) and vertical (bot-
tom) dimensions of the beam pipe (blue) and of the approxi-
mation used in the simulations (red). Note that the vertical
aperture is always symmetric around zero and both curves
are superposed.

Several chains of simulation codes can be used to
achieve the required configuration. MAD-X [9], combined
with PTC [10], is used to generate the optics input for
SixTrack [11, 12] for which an active coupling [13, 14]
with the FLUKA code exists [15, 16]. The alternatives consist
of using the newly developed tracking code Xsuite [17–
19], which includes already scattering modules, inherited
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from SixTrack, to deal with the beam-matter interaction,
or BDSIM [14, 20–25], which internally uses Geant4 for
the beam-matter interaction [26–28]. Comparisons of the
three chains, i.e., SixTrack-FLUKA, Xsuite, BDSIM-
Geant4, have been carried out and to this extent, the initial
conditions for the beam distributions are always generated
with Xsuite and are also used with the other codes.

The internal dump has a very complex structure with
different materials. Longitudinally, it is divided into two
elements: a 12 cm-long graphite block (upstream) and an L-
shaped block in copper alloy (CuCr1Zr) with a 10.8 cm thick
feet (downstream) [4]. When activated, the dump moves
vertically at a speed of 0.8 m/s.

10 4

10 3

10 2

10 1

100

101

102

Re
la

tiv
e 

pa
rti

cle
s l

os
s  

[%
]

in Dump
in Apert.

10

8

6

4

2

0

In
te

rn
al

 D
um

p 
ve

rti
ca

l p
os

iti
on

 [
]

69%
31%

2 3 4 5 6 7 8 9
Turns [103]

10 4

10 3

10 2

10 1

100

101

102

Re
la

tiv
e 

pa
rti

cle
s l

os
s  

[%
]

in Dump
in Apert.

10

8

6

4

2

0

In
te

rn
al

 D
um

p 
ve

rti
ca

l p
os

iti
on

 [
]

68%
32%

Figure 2: Evolution of the cumulative beam losses as a
function of turn for an LHC beam using FLUKA when the
dump in SS47 (top) and in SS48 (bottom) are activated. The
dashed green line represents the dump position vs turn.

The description of the PS vacuum chamber is an essential
aspect of simulations and entails some challenges. The stan-
dard vacuum chamber has a cross section close to an ellipse
with half axis of 73 mm and 35 mm for horizontal and ver-
tical planes, respectively (note that in reality it is made of
four different pieces with two radii). The presence of several
extraction regions introduces variations in the cross section
of the standard vacuum chamber that is enlarged to provide
enough clearance for the extracted beam, including the vari-
ous extraction bumps. Sometimes the geometrical centre of
the cross section is displaced to optimise the beam aperture.
The aperture of the beam tube along the circumference of
the PS ring is shown in Fig. 1 (blue curves). Clearly visible
are some enlargements of the vacuum pipe in the horizontal
plane in the region from SS58 to SS63. These features are
due to the slow extraction that is performed in the region of
the ring. These special cases have still been approximated
by an ellipse corresponding to the cross section of a standard
beam pipe, but in the future it is planned to model the actual
beam pipe cross section using a description by points. In
the region between SS47 and SS65, the aperture model (red

curve) was refined using the largest ellipse fitting centred on
the beam within the actual beam pipe cross section.

NUMERICAL SIMULATIONS
Each simulation consists of computing the evolution of an

initial distribution of 106 particles (distributed according to
the beam parameters listed in Table 1) that are tracked around
the ring. Our studies focused on the evolution of cumulative
beam losses as a function of turns and their distribution
along the accelerator circumference.
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Figure 3: Cumulative distribution of beam losses along the
PS ring for an LHC beam using FLUKA when the dump in
SS47 (top) and in SS48 (middle) are activated. The differ-
ence is also shown (bottom).

The results obtained are shown in Fig. 2 for the LHC case
and using FLUKA, and clearly show that a large fraction of
the beam impacts the vacuum chamber (approximately 30%)
instead of interacting with the internal dump (approximately
70%). Furthermore, it was observed that some particles may
survive several turns after their first impact with the dump.
The difference in time required to dump the beam is due
to the difference in beam size in SS47 and SS48 (note that
𝛽v,SS47 ≈ 11 m, while 𝛽v,SS48 ≈ 22 m).

The cumulative distribution of beam losses along the PS
circumference is shown in Fig. 3. Losses are restricted to
a region of about 120 m downstream of the dump, and the
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difference in the loss distribution generated by the two dumps
remains at the percent level of the total number of particles.
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Figure 4: Cumulative distribution of beam losses along the
PS ring (top) and evolution of the cumulative beam losses
vs turn (bottom) for an SFTPRO beam using FLUKA when
the dump in SS47 is activated.

Numerical simulations of the SFTPRO case have also been
performed, whose results are shown in Fig. 4. Remarkably,
the beam fraction that has a nuclear interaction with the
dump is even lower than that for the LHC case, approximately
57 %. Complete beam disposal takes longer, which is mostly
a consequence of the larger normalised emittance and lower
beam energy of the SFTPRO case relative to LHC. Finally,
the extent of the region where beam losses occur is slightly
smaller for SFTPRO than for LHC.

Two more aspects have been studied, namely the impact
of the longitudinal beam distribution on the beam losses and
the comparison between the three chains of codes.
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Figure 5: Difference of the beam losses along the PS ring
for 6D and 4D tracking simulations for a LHC beam using
FLUKA. The differences are essentially negligible.

Tracking simulations have been performed to check
whether longitudinal dynamics might be relevant for this
study. A distribution has been assigned to the longitudinal

coordinates and the RF cavities have been switched on. The
comparison between the 4D and 6D simulations is shown in
Fig. 5. The small differences can be neglected in practice.

The code comparison is shown in Fig. 6 and due to
temporary limitations in the definition of the material in
Xsuite, graphite (𝜌 = 1.83 gcm−3) is replaced with
carbon (1.67 gcm−3) and CuCr1Zr (8.9 gcm−3) with Cu
(8.96 gcm−3). Note that not only the beam-matter interac-
tion differs for the various codes, but also the tracking and
the algorithm to determine the loss position are not the same.
Under these considerations, the overall qualitative agreement
is to be considered very good.
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Figure 6: Loss maps in the a LHC beam and dump in SS47
using FLUKA (top), BDSIM (middle) and Xsuite (bottom).

CONCLUSIONS AND OUTLOOK
Detailed beam dynamics simulations of the beam dump

process in the PS ring have been carried out and presented
in this paper, using three chains of codes.

The results showed that 32 % to 43 % of beam is not
stopped by the dump, but impacts the beam pipe over a
distance of approximately 1/5 of the ring.

More configurations will be considered to determine the
dependence of the losses on beam energy and size and ulti-
mately assess whether the observed beam losses require the
implementation of mitigation measures, such as shielding.
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