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Abstract

During the Long Shutdown 2, the two internal dumps
were replaced and successfully integrated into the CERN
Proton Synchrotron operation to withstand the intense and
bright beams for the High-Luminosity LHC. They func-
tion as safety devices, designed to swiftly intersect the
beam’s trajectory and effectively stop the beam over mul-
tiple turns. A significant challenge arises from the limited
energy absorption capacity. Previous studies indicate that
at the maximum PS beam energy of 26 GeV, only about
6% of the energy is absorbed by the dumps upon their acti-
vation. This study, employing a combination of the FLUKA
and SixTracksimulation code chain, evaluates the absorbed
dose in downstream elements in view of the projected in-
crease of beam intensities, according to the LHC injector
upgrade parameters, and explores the feasibility and po-
tential benefits of implementing shielding as a mitigation
measure.

INTRODUCTION

The internal beam dumps of the CERN Proton Syn-
chrotron (PS), located in straight sections (SS) 47 and 48,
referred to as TDI.47 and TDI.48, were fully redesigned
for installation during Long Shutdown 2 (LS2, 2019-2021).
This redesign aimed to adapt the dump capabilities with the
increase in beam brightness following the LHC Injector Up-
grade (LIU) project [1, 2]. Once activated, this device moves
rapidly into the beam and intercepts it in several turns (on
the order of a few milliseconds) to protect the PS hardware
against beam-induced damage. During the design phase,
comprehensive studies confirmed the thermomechanical ro-
bustness of the new dump design [3-5] and evaluated its
effectiveness in stopping post-LS2 PS beams [6].

In previous studies we described the simulation model,
the performance of the dump [7], and validated the model
with Beam Loss Monitor (BLM) data [8]. The implemented
model used multiturn beam dynamics simulations conducted
with Sixtrack [9, 10] to calculate impacts on the internal
dumps while they move into the beam distribution. Subse-
quently, these impacts become the input of another simula-
tion using FLUKA [11-13] for shower simulations to assess
the effects of the radiation field on downstream equipment
along the circumference of the PS ring from SS47 to SS69.
These precedent studies assumed that the two internal dumps
stop a total of 2.4 x 107 protons per year, according to the
functional specification [14]. Moreover, the case of the lead
ion beam was not considered.
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In this study, our aim is to detail the specific breakdown of
particles (type and energy) that actually impacted the dumps
during the 2023 run, enabling a more precise estimation
of the dose absorbed by the main magnets. Recognising
the vulnerability of epoxy-based elements installed in these
magnets, we have improved our FLUKA model to include the
front part of the coils of the initial magnets and the Pole
Face Windings (PFW) circuits, which are used to control
the PS working point, i.e. tunes and chromaticities (see
Ref. [15] and references therein), as illustrated in Fig. 1.
These components are primarily composed of copper and
epoxy [16].
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Figure 1: Visualisation, with FLAIR [17], of the FLUKA
model.

BREAKDOWN OF THE PROPERTIES OF
THE BEAM INTERCEPTED BY THE
DUMPS

Using data from the NXCALS database [18], we analysed
the operational use of the PS internal beam dumps during the
entire 2023 run. The data, summarised in Table 1, show how
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many times the internal dumps have been activated, and the
number of charged particles they intercepted. An interesting
finding from this analysis is the uneven use of the two dumps.
TDI.47 was used 70% more than TDI.48, indicating a strong
operational imbalance. This might have an impact on the
mechanical stress in the dumps. However, it is worth noting
that the total beam intensity stopped by the dumps is also very
strongly unbalanced, but in the opposite direction. In fact,
TDI.47, although activated more frequently than TDI.48,
intercepted much less beam.

Table 1: Summary of the use of the internal dumps in terms
of movements performed and total intensity stopped by the
internal dumps in 2023.

TDI.47 TDI.48
Counts Charges Counts Charges
Protons 25313 1.76 x 10'® 72637 7.86 x 10'°
Pb>** 100550 1.78 x 10%° 1 2.22 x 1010
Total 125861 72638

Starting by the case of the proton beams, the actual num-
ber of protons intercepted by the two internal dumps was
9.62 x 10'®, which is significantly lower than the 2.4 x 107
protons previously estimated in Ref. [14], a discrepancy of
approximately 2.5 times. This difference is justified by the
fact that the HL-LHC beams are already available in the
injectors, but not yet delivered to the upgraded LHC ring.
In particular, TDI.48 stopped about 82% of the protons. Fig-
ure 2 illustrates the distributions of the number of protons
intercepted by the internal dumps as a function of the beam
momentum. In particular, most protons are concentrated
at a momentum of 26 GeV/c considering the sum of the
two dumps. Hence, for the purposes of this study, we will
assume that 8 x 10'® protons per year (i.e. approximately
the number of protons stopped by TDI.48 in the 2023 run)
with a momentum of 26 GeV /¢ are intercepted by a dump.
This is a conservative estimate of the present situation. We
checked that the contribution to the dose from lower-energy
protons is smaller than that at top energy.

For the case of Pb>** ion beams, almost all 3.30 x 1013
ions dumped were intercepted by TDI.47. Fig. 3 shows the
distribution of the number of stopped ions as a function of
the beam momentum, which shows three groups centred
around 351.9,578.1, and 794.4 GeV/c. Consequently, we
will model the interaction of 3.30 x 10! ions per year with
a momentum of 578.1 GeV/c (corresponding kinetic energy
of 2 GeV per nucleon) as representative of operational con-
ditions during the 2023 run.

ABSORBED DOSE

Under the assumption that 8 x 10'® protons are inter-
cepted by TDI.47, the data shown in Fig. 4 indicate that
the absorbed dose from the interaction between the protons
and the dump will not exceed 0.2 MGy per year in the most
sensitive areas of the main unit magnets. Specifically, the
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Figure 2: Distribution of the protons sent on the internal
dumps in the 2023 run as a function of the beam momentum.
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Figure 3: Distribution of the Pb>* ions sent on TDI1.47 in
the 2023 run as a function of the beam momentum.

front part of the coils in the main unit 47 receives a dose
of 0.03 MGy, while those in the main unit 48 absorb ten
times less dose. These data demonstrate that the current
shielding of the internal dumps adequately protects the most
vulnerable components, which are primarily made of epoxy
and can tolerate an accumulated dose of up to 10 MGy [19].
This level of shielding effectiveness is contingent on main-
taining the current proton dump rates; however, even if the
proton count were increased to the level initially expected
2.4 x 10'® protons on target, the maximum absorbed dose
would still remain well below 0.6 MGy.

However, if we look at the dose at the front face of the
magnet following TDI.47 we observe that the dose in the
epoxy part of the PFW exceeds locally 1 MGy per year for
8 x 10! protons stopped by TDI.47. This is why we recom-
mend conducting annual inspections of the PFWs to monitor
for any signs of degradation.

In the case of lead ions, we consider a scenario in which
TDI.47 stops 3.30 x 10'3 ions per year with a momentum
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Figure 4: Total yearly integrated dose delivered to the yoke,
coils, and PFWs of the PS main magnets. An operational
year, assuming 8 x 10'® protons are stopped by TDI.47 at
26 GeV/c, has been considered. The F and D letters refer
to the focusing and defocusing half-unit of each magnet,
respectively. In these simulations, we considered the compo-
nent of the PFWs installed in the upper pole of the magnet.
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Figure 5: Dose absorbed by the front face of the main unit
magnet 47 (right downstream of TDI.47). The integration
along the longitudinal variable z was calculated over a span
of 10 cm.

of 578.1 GeV/c. In the FLUKA simulations, full heavy-ion
transport settings were enabled including ion electromag-
netic dissociation interactions. Given that numerical sim-
ulations with ions are significantly more time consuming
than those for protons, and the expected results should have
minimal impact on the conclusions, given the very low beam
intensities, we limited the scope of our simulations to the
case of TDI.47, considering only the ring section from SS47
to Straight SS49. This includes the first three main magnet
units downstream of the dumps. The absorbed doses are
detailed in Fig. 6.

The data indicate that the maximum dose absorbed by
PFWs in the case of lead ions remains below 1kGy per
year. Specifically, the front coil of main unit 47 receives a
dose of 0.13 kGy per year, while the front part of the coil in
main unit 48 receives ten times less. This confirms that the
contribution of lead ions to the total absorbed dose absorbed
by the various components is negligible.
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Figure 6: Total yearly integrated dose in the yoke, coils, and
PFWs of the PS main magnets. An operational year, as-
suming 3.30 x 10'3 ions with a momentum of 578.1 GeV/c
are stopped by TDI.47, has been considered. The F and D
letters refer to the focusing and defocusing half-unit of each
magnet, respectively. In these simulations, we considered
the component of the PFWs installed in the upper pole of
the magnet.

CONCLUSIONS

In this study, we have performed FLUKA simulations to
estimate the dose absorbed by the main magnet components
of the PS ring during the actuation of the internal dumps,
considering different beam particle type, energy, and inten-
sity.

Based on the 2023 run operations data, we have assessed
the contribution of the different beams. We have documented
that during 2023, the number of protons directed at the inter-
nal dumps was 2.5 times lower than expected from the spec-
ification document. Additionally, the utilisation of the TDIs
devices was uneven: the majority of protons were stopped
using TDI.48, while all lead ion beams were stopped by
TDI.47. This distribution imbalance suggests the need for
future rebalancing if we want to avoid premature ageing of
one dump compared to another.

With respect to radiation shielding, the estimated accu-
mulated dose values are tolerable by the different magnet
components. This conclusion remains valid even if the num-
ber of stopped protons is increased to the planned levels.
However, our analysis of the worst-case scenario indicates
that the epoxy components of the PFWs in the main units 47
and 48 are more susceptible to radiation exposure than other
parts. This exposure could potentially reach the deterioration
threshold within a decade. Therefore, we recommend annual
inspections of these elements to prevent critical degradation
and ensure ongoing safety and system functionality.
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