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Preface

This document reports the work and results of the Conventional Beams Working Group, which focuses on
studies of the beam-related and technical requirements and requests from proposals submitted to the
Physics Beyond Colliders Study (PBC) for the North Area at the CERN SPS and the East Area at the
CERN PS accelerators. Previous CBWG reports have been published in 2018 [1] and 2022 [2], providing
inputs to the European Strategy for Particle Physics (ESPP) discussions that took place in those years.
This new document provides updated and supplementary material relevant for the 2025–2026 ESPP
Update, including detailed results regarding the HIKE, SHADOWS, DICE/NA60+, ENUBET, NuTag,
and SBN projects. Please note that BDF/SHiP was studied in an independent PBC Working Group [3, 4].

Since its inception, the working group has presented results on feasibility, requirements, compatibility
between proposals, and, where possible, cost estimates at all PBC Annual Workshops and group meetings.
Following the renewed mandate of the PBC Study in 2021, the Conventional Beams Working Group
continued its studies for previously received proposals, as well as for new initiatives, including ENUBET,
NuTag, a potential Short-Baseline tagged neutrino beam (SBN), SHADOWS, and HIKE. Work relevant
to these studies has progressed since the Annual PBC Workshop in 2019 [5], which this document
summarises. This edition also includes information on installation work already carried out for some
proposals and presents initial studies for the more recent ones.

The physics interest, sensitivity reach, and worldwide competitiveness of the proposals are discussed in
the PBC working groups for Beyond Standard Model (BSM) physics and Quantum ChromoDynamics
(QCD), as well as in the newly established working group on Feebly Interacting Particles (FIPs). These
physics-focused working groups collaborate in close synergy with the Conventional Beams Working
Group.

Geneva, March 2025.
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Executive Summary

Introduction

The Conventional Beams Working Group (CBWG) is part of the Accelerators and Technology Domain
within the framework of the Physics Beyond Colliders Study Group (PBC). A �rst report was presented to
the PBC in 2018 [1] and an Executive Summary from the CBWG was submitted to the European Strategy
for Particle Physics Update (ESPPU) at the same time. These documents in 2018 provided input for
the direction of CERN's �xed-target programme, encompassing several facilities and experiments at the
Booster, PS and SPS, and spanning the period until the 2040s.

In 2021, the mandate of the PBC study was renewed and extended. Since then, the CBWG
continued and re�ned the ongoing studies, and also adopted the study of new proposals. The Conventional
Beams study is complementary to and works in synergy with the PBC Physics Working Groups on Physics
Beyond the Standard Model (BSM) and the one on Quantum Chromodynamics (QCD), as well as the
Feebly Interacting Particles Physics Centre (FPC). All four working groups support mainly proposals in
the North Area at the SPS as most ideas have been brought forward for this particular accelerator complex,
now even beyond 2040.

During the PBC kick-off workshop in September 2016, a large number of �xed-target proposals
was presented. It was deemed important to perform pre-proposal studies as input for the physics groups
to make informed progress with their evaluations. These �rst indications were published in the above-
mentioned PBC report from the CBWG in 2018 [1]. Several of these preliminary studies have been
completed since and have been published in 2022 [2]. A few new proposals have been submitted since the
PBC mandate was renewed in 2021. The updated list of proposals studied within the CBWG is shown in
Table 1.

The North Area [6] comprises two surface halls, EHN1 and EHN2, and an underground cavern,
ECN3. EHN1 is the biggest surface hall at CERN with a size of about330by 50 m2, and is served by the
H2, H4, H6 and H8 beamlines. EHN2 is served by the M2 beamline for muon, hadron and electron beams
and hosted the COMPASS experiment until end 2022. In ECN3, the NA62 experiment for ultra-rare kaon
decay measurements will be served by the K12 beamline until LS3, currently planned to start in September
2026. The CBWG groups all proposals per experimental hall. Only the recently added ENUBET and
NuTag neutrino beam proposals, now merged into the Short Baseline Neutrino beam (SBN) proposal, are
not yet attributed to a speci�c hall.

The studies summarised in this executive summary are further detailed in the respective chapters
within the present report on the CBWG studies.

Proposals for EHN1

Introduction

In EHN1, the NA61/SHINE experiment, installed in the H2 beamline, continues to drive the SPS heavy
ion programme. It explores mainly the phase transition to Quark-Gluon Plasma (QGP) and continues
open charm measurements and provides hadron production measurements for cosmic ray physics and
neutrino beams, and neutrino beams, the latter with replica targets for T2K, LBNF/DUNE, and NuMI.
The experiment now pro�ts from a signi�cant, 10-fold increase of the beam intensity in the H2 beamline,
but has also requested a study for an in-situ low-energy beamline.

NA64 plans to continue its search for dark photons and dark matter employing the missing energy
technique using pure electron beams with continuously increasing beam intensities and, in the future,
expand to various types of hadron beams, possibly also in the H4 line or the CERN East Area. To optimise
beam time, they plan to maximise the electron beam intensity while maintaining comparable purity and
quality. Additionally, they now propose running with medium-energy positron beams.
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Table 1: List of proposals followed by the Conventional Beams Working Group.

Experiment Brief description and comments

AMBER/NA66 Study new requests for QCD physics-related measurements, including RF separated
beams and improvements to the conventional beamline for Phase 1 and 2 proposals.

BDF/SHiP Beam dump experiment to search for feebly interacting particles (FIPs). Formally
not part of the CBWG, beam delivery studies in synergy with those for HIKE.
Approved in 2024 for a TDR phase followed within the HI-ECN3 project.

DIRAC++ Measurement of pionium to test low-energy QCD. Proposal withdrawn.
ENUBET/NP06 A monitored neutrino beam, now merged into SBN.
HIKE Detailed study for a next-gen. kaon experiment, measuringK+ ! p+ nn and other

(ultra-)rare decays at high precision. Study discontinued as BDF/SHiP was approved
for ECN3.

KLEVER Measurement ofKL ! p0nn in ECN3. Study discontinued as BDF/SHiP was
approved for ECN3.

DICE/NA60+ Quark-Gluon Plasma and dilepton production measurements in heavy-ion collisions.
Originally considered for ECN3, now studied for delivering lead and proton beams
to H8 (EHN1).

NA61++ Hadron production measurements for cosmic-ray physics, neutrino experiments,
and heavy-ion studies. Studied higher intensities and implications plus design of a
new low energy beam.

NA64e,h Search for dark sector particles using missing energy technique. Increase electron
�ux and optimise hadron beams in H4.

NA64m Implementation of a NA64-like experiment with muons in M2.
NuTag A tagged muon neutrino beam, now merged into SBN.
MUonE Implementation of MUonE for operation with muon beams to study the hadronic

contribution to the vacuum polarisation.
SBN Taggednm andne neutrino beams, fusion of ENUBET and NuTag.
SHADOWS Search for off-axis production of FIPs in ECN3, running in parallel with HIKE.

Study discontinued as BDF/SHiP was approved for ECN3.
True Muonium Search for true muonium with a positron beam at resonance threshold. Study on

hold.

DICE/NA60+ proposes to study electromagnetic and hard probes of the Quark-Gluon Plasma
in heavy-ion collisions using lead beams at various energies at the CERN SPS. The experiment will
investigate, among other topics, open charm production and will need proton beam matching the lead beam
energies to perform reference measurements. DICE/NA60+ was initially proposed for the underground
ECN3 cavern, where higher beam intensities could be made available. However, since this would be
incompatible with NA62, HIKE/SHADOWS and BDF/SHiP, the team has opted for an experiment location
in EHN1, accepting a trade-off of lower maximum beam intensity and smaller detector dimensions.

NA61++

At the time of the previous ESPPU in 2020, NA61/SHINE requested to continue measurements with ion
and hadron beams at ten times higher beam intensity. Radiation measurements and simulations indicated
that, at such intensities, the shielding around the new Projectile Spectator Detector (PSD) calorimeter
needed signi�cant reinforcement. Furthermore, NA61/SHINE planned several detector upgrades, requiring
local modi�cations to the infrastructure. These modi�cations have since been successfully implemented,
and NA61/SHINE now routinely exploits the higher beam intensities.

xii



At the same time, NA61++ had expressed interest in an in-situ low-energy beam with momenta up
to 13 GeV/c. The Conventional Beams Working Group has completed and documented the design for
such a beam, incorporating a performant particle identi�cation scheme covering the full range from2 to
13 GeV/c. The Collaboration submitted a proposal for such a beamline to the SPSC, which supported the
physics case. However, the CERN Research Board has placed the request on hold until further notice.

DICE/NA60+

DICE/NA60+ is proposed as follow-up of the NA60 experiment. While an installation in the underground
ECN3 cavern would have, in principle, allowed for the highest lead ion beam intensities, strong competition
for ECN3 has led the Collaboration to revise its plans. It is proposed to be located at the H8 beamline
in the EHN1 surface hall. The CBWG has conducted a detailed study of this proposal and identi�ed
the H8 beamline as the only viable location. Extensive integration and radiation protection studies have
been completed, and the Collaboration is almost ready to submit a proposal to the SPSC. The experiment
requests Pb ion beams ranging from20 to 150 AGeV/c as well as proton beams in the same range, with
very small spot sizes in both planes of� < 0:6 mm, where� denotes the standard deviation of the
transverse beam pro�le. The beam has been studied extensively in simulation and in-situ testbeam,
showing promising results. The feasibility of the lowest ion and proton beam momenta remains to be
con�rmed.

NA64: NA64e and NA64h

NA64e has been successfully operating with secondary electron beams in the H4 beamline, utilising
synchrotron radiation tagging and tracking, as well as calorimetry to effectively eliminate the effects
of beam contamination, which typically occurs at the percent level. Over the years, the beam intensity
has been steadily increased, reaching over107 electronsper spill in 2024, while maintaining excellent
background conditions. Before LS2, a major limitation was the lengthy setup time at the beginning of
each run due to the absence of a permanent location. Following a recommendation from PBC, a new
user zone, PPE144, was established just downstream of the previous NA64e location. This allows the
experiment to keep its critical detectors in place and connected, signi�cantly improving startup ef�ciency.
As a result, NA64e has achieved the measurement of the most stringent limits to date on dark photons via
the A0 ! invisible channel within the covered mass range.

Additionally, NA64 has successfully initiated data-taking with positron beams to search for Light
Dark Matter (LDM) with masses above100 MeV/c2. The positron programme uses beams of40 to
60 GeV/c to explore the LDM parameter space in the mass range between135 to 250 MeV/c2. This will
enable the �rst probe of the so-called “thermal target lines”, which represent the dark sector coupling
values predicted by astrophysical and cosmological arguments for selected model parameter values in the
aforementioned mass range.

NA64 is also considering running with hadron beams and studies have been initiated to explore a
potential extension of its programme in this direction.

True Muonium

True muonium, the bound state of a positive and a negative muon, was proposed to be studied in the
H4 beamline with43.7 GeV/c positrons, which corresponds to the threshold for di-muon production in
a �xed-target con�guration. Hadronic contamination was studied in the context of NA64 running with
positrons in H4. The maximal beam intensity at H4 today is about107 e+/spill while the energy spread is
estimated to be around1 %. Recently, a study for the target optimisation (40 low-Z Lithium foils) was
conducted showing that, in principle, a discovery of true muonium at the5� -level could be achieved
during three months of data taking. A detailed study is planned to understand the feasibility of such a
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search within NA64. Such a project would pro�t if higher intensity and smaller momentum resolution of
the beamline would become possible.

Proposals for EHN2

Introduction

In the EHN2 hall, COMPASS continued its programme using the existing M2 muon and hadron beam op-
tions until the end of 2022, when the experiment of�cially completed its data-taking. The AMBER/NA66
Collaboration, which emerged from several institutes of the COMPASS Collaboration, proposes to
continue an extensive QCD physics programme in EHN2 using both muon and hadron beams. This pro-
gramme has been developed through the CBWG and has of�cially been approved as the NA66 experiment.
It encompasses a measurement of the proton radius and antimatter production measurements. A Drell–Yan
measurement with kaon and pion beams is currently planned for post-LS3.

The NA64 Collaboration uses the M2 muon beam for dark matter searches, for instance investigating
invisible decays of a potentialZ0boson as a low-mass explanation for the muon(g � 2)m anomaly. This
part of the programme is also known as NA64m. The required muon beam properties are well within the
capabilities of the existing M2 muon beamline. Compatibility with AMBER has been assessed, and an
implementation plan has been developed. The changeover between NA64mand AMBER requires only
a few days and can be carried out within a run period, as demonstrated in the recent years. In a more
advanced stage, NA64maims to establish a parasitic installation within the AMBER spectrometer, though
this approach requires further detailed studies.

MUonE aims to measurem-e elastic scattering, providing an independent measurement of the
hadronic contribution to the vacuum polarisation, which might contribute to the interpretation of the latest
precision measurements of(g � 2)m and their implications for new physics. The required muon beam
properties are well within the capabilities of the existing M2 beamline. Scenarios for the installation of a
full MUonE setup in parallel with AMBER have been investigated.

A new user zone, PPE211, located in the beam tunnel upstream of the experimental hall, has been
completed during LS2. This zone has successfully hosted several test beam runs for all three experiments.

AMBER

The AMBER/NA66 Collaboration utilises the M2 beamline as a versatile QCD facility, enabling a wide
range of QCD-related physics measurements under various beam conditions. The �rst phase, developed
with signi�cant support from the CBWG, was in large parts approved by the SPSC in 2020, and data-taking
is currently underway. The approved AMBER physics programme includes a measurement of the proton
radius using muon beams and antimatter production measurements to contribute to the interpretation of
the latest AMS results. Phase 1 also consists of Drell–Yan data collection with hadron beams, possibly
after LS3. The beam requirements generally align with the standard capabilities of the M2 beamline, both
in hadron and muon modes.

In recent years, the Collaboration has been preparing for a second phase of its physics programme.
The primary challenge for the CBWG is the request for a high-intensity kaon beam for a Drell–Yan
experiment. Due to the low kaon production rate, combined with the short kaon lifetime and the M2
beamline's length of over1100 m, the kaon content at the AMBER experimental site is relatively low, at
only the percent level. Furthermore, radiation protection constraints in and around the experimental hall
limit the total beam intensity, hence limiting the maximum achievable kaon rate.

Kaons are tagged using two differential Cherenkov counters (CEDAR), which are insensitive to
other particle species in the beam. These counters could handle much higher kaon beam rates if available.
However, for optimal kaon identi�cation ef�ciency and rejection of other species, the CEDARs require a
highly parallel beam. Currently, the M2 beam exhibits signi�cant divergence at the CEDAR location due
to over 80 m of beamline at atmospheric pressure, which increases beam spread.
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To enhance K-p separation in the beam, the option of a radio-frequency (RF) separated kaon beam
was explored to increase the kaon fraction. The CBWG conducted a detailed pre-study in collaboration
with the CERN RF group to assess the feasibility of such a beamline, employing3.9 GHzcavities with
30 mmdiameter irises, based on the ILC crab cavity design. This cavity con�guration was deemed the
only technically and economically viable option. However, the cavity frequency and available space
between cavities limit the kaon momentum to a maximum of approximately80 GeV/c. For a kaon purity
of around20 %, the maximum achievableK � �ux would be 3 × 106 per SPS spill, roughly a factor of
30 below the AMBER requirement for the Drell–Yan programme. While such a kaon-enhanced beam
might still be bene�cial for lower-intensity components of the AMBER programme, like the Primakoff
experiment, similar kaon intensities could be achieved using the conventional hadron beam, without
incurring the substantial costs of RF cavities and associated infrastructure (estimated at several tens of
MCHF). Moreover, even with RF separation, the CEDAR detectors' limited tagging ef�ciency remains a
bottleneck for kaon intensity at the AMBER site.

As an alternative, upgrading the existing M2 beamline to improve vacuum conditions and particle
identi�cation presents a cost-effective solution. Placing as many beam sections as possible under vacuum
signi�cantly reduces beam divergence at the CEDAR detectors. The M2 beamline, originally designed
exclusively for muon operation, included atmospheric sections that had little impact on muon performance.
Most of these sections are located at nine5 m-long magnetic collimators, which are toroidal magnets with
adjustable apertures and, therefore, not under vacuum. For muon beams, precise aperture adjustments
are critical, but for hadron beams, the aperture positions can be �xed, allowing racetrack-shaped vacuum
tubes to be installed without damaging the collimators. Additionally, a10 m-long atmospheric section
exists where mobile hadron absorbers are positioned to absorb hadrons after the700 mdecay section for
muon beam operations. These absorbers can also be modi�ed to be vacuum-compatible.

Detailed studies have assessed the performance of the M2 hadron beam with improved vacuum con-
ditions. Simulations suggest that enhanced vacuum maintains the beam characteristics at the experimental
hall as de�ned by collimators far upstream. This allows for increased sine-like transfer matrix elements
(R12 andR34), which improves beam parallelism at the CEDARs without the need for tight re-collimation
just before the CEDARs and the AMBER experiment. This improvement addresses background issues
from collimators close to the experiment, as previously encountered by the COMPASS experiment at the
same location.

Technical solutions for implementing vacuum inside the scrapers and absorber regions are planned.
With these improvements, beam parallelism is expected to meet the requirements for all phases of AMBER.
However, the impact of enhanced vacuum on high-intensity muon beams remains to be determined. If
negatively affected, studies will be required to evaluate the resources needed for switching magnetic
collimators between muon and hadron modes.

The �rst part of improving the beamline vacuum is underway, with costs signi�cantly lower than
those for an RF-separated beamline. Furthermore, the CEDAR counters have been recently refurbished
and upgraded, enhancing their intrinsic kaon identi�cation ef�ciency and rate capabilities. Further
improvements are planned for LS3.

Another potential future option for AMBER was a low-energy negative hadron beam in the range
of 12 to 20 GeV/c. At these low energies, the majority of pions and kaons decay over the1.1 kmbeamline,
resulting in a beam highly enriched in antiprotons. This allows for high antiproton rates without exceeding
radiation limits due to overall beam �ux. This option also bene�ts from the aforementioned vacuum
improvements. However, CEDAR detectors are unsuitable for such low momenta, and the use of high-rate,
upgraded threshold Cherenkov detectors is under study for these low-energy beams. However, AMBER
has, for the moment, put on hold this part of the programme.

Additionally, AMBER, like the COMPASS experiment before it, intends to use tertiary electron
beams for calibration purposes. The atmospheric pressure sections of the beamline have been particularly
detrimental for electron beams. With improved vacuum in the M2 beamline, the performance of tertiary
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electron beams may become comparable, at least in intensity, to those in EHN1. If needed, the magnetic
collimators and hadron absorbers could be replaced with standard vacuum tubes at a modest cost. This
change would also signi�cantly enhance the rate of tertiary electron beams.

NA64m

NA64mutilises the M2 muon beam for missing energy searches, similar to NA64e in the H4 beamline.
The use of a muon beam extends the accessible mass range for dark sector particles and enables dedicated
searches for particles that couple exclusively to muons, such as a hypotheticalZ0boson, which has been
proposed as a potential low-mass explanation for the(g � 2)m anomaly. The existing M2 muon beam
already meets the experimental requirements in terms of both beam momentum and �ux.

However, the proposed experiment extends over20 mand cannot be accommodated within the
existing AMBER experimental zone without the removal of a signi�cant portion of that setup. A feasible
installation solution has been identi�ed upstream of the AMBER zone, at the end of the beam tunnel. By
removing two quadrupoles and adding two dipoles, a20 mlong free region can be created in zone PPE211
within a few days, providing suf�cient space to host the NA64mexperiment. The beam optics have been
locally modi�ed to meet the speci�c local beam conditions required for NA64m.

The experiment is currently running under stable conditions and is expected to continue well beyond
LS3. A future high-rate upgrade would enable it to fully exploit the higher muon intensities achievable
with M2.

MUonE

The MUonE Collaboration proposes a measurement of muon-electron elastic scattering, which is an
independent way of determining the hadronic contribution to vacuum polarisation and would help to
interpret the latest(g � 2)m results. The experiment will utilise the M2 muon beam under standard
operating conditions, with minor local optics modi�cations just upstream of the experimental setup. While
the beam parameter constraints are similar to those of NA64m, they are not identical, and MUonE requires
a signi�cantly longer detector setup of about 40 m.

The proposal suggests placing the MUonE experiment at the same location planned for NA64m,
with some additional modi�cations. Simultaneous operation of MUonE and NA64m is not feasible
due to incompatible layouts and con�icting beam rate requirements. Similarly, MUonE and AMBER
cannot operate concurrently because the presence of MUonE equipment negatively impacts muon beam
performance.

To date, MUonE has successfully operated with up to two target modules out of the40 planned
for the �nal setup. Cohabitation with other users has been smooth, with straightforward and time-
ef�cient changeovers. However, with the full40-module setup, changeovers will become more complex.
Integration studies are underway to identify the best cohabitation scenario for all three experiments.
Approximately 60 m of the M2 beamline will need to be cleared for MUonE runs.

Initially, MUonE requested relatively modest muon beam rates. However, to signi�cantly reduce the
required data-taking period, the Collaboration is now considering intensities up to109 muonsper SPS spill,
which is substantially higher than the current limit of2 × 108 muonsper spill in EHN2. Further studies
and beam tests are ongoing to mitigate radiation limitations, investigating the possibility of de�ecting the
muon beam downward after the MUonE setup to minimise radiation dose on the surface at the edge of the
CERN site.
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ECN3 Proposals

Introduction

Located in the underground cavern ECN3, the NA62 experiment currently measures the branching ratio of
the very rare decay modeK+ ! p+ nn. During occasional shorter runs, the beamline is operated in beam
dump mode, creating relatively clean conditions for Hidden Sector searches. Prior to LS2, CBWG studies
suggested that background rejection could be signi�cantly improved in beam dump mode by re-cabling
the �rst four dipoles in the K12 kaon beamline. This re-cabling was completed during LS2, and data
collected from 2021 onwards have con�rmed a substantial reduction in background, as expected, thereby
greatly enhancing the sensitivity of these searches.

KLEVER was an independent proposal aimed at collecting a signi�cant sample ofKL ! p0nn
decays in a newly designed setup, ideally situated in ECN3. This would have necessitated the creation
of an entirely new neutral K12 beamline with a proton �ux seven times higher than that used for NA62,
speci�cally 2 × 1013 protons/pulse (or protons/spill, abbreviated as ppp)on the T10 target. This increase
would have had major implications for radiation protection, TCC8 target complex, machine safety, and
equipment design. While relevant studies were detailed in the 2018 Conventional Beams Working Group
Report [1], the Collaboration later identi�ed unmanageable background contributions from� ! p0n
decays. Potential mitigation strategies from the beam dynamics perspective involved lengthening the
beamline and increasing the production angle from2.4 to 8 mrad, as documented in the 2022 CBWG
Report.

The previous European Strategy Update report strongly endorsed the physics case for an ambitious
kaon physics programme at CERN, while also emphasising the importance of searching for Dark Sector
particles and Feebly Interacting Particles (FIPs). The BDF/SHiP proposal, submitted to the SPSC in 2015,
was designed to search for Heavy Neutral Leptons and other Dark Sector particles in a new underground
cavern, ECN4.

Although the European Strategy Update strongly supported the BDF/SHiP physics case, it con-
cluded that the experiment could not be funded within the next years. As a result, BDF/SHiP explored
alternative locations and identi�ed ECN3 as the most suitable and cost-effective solution, culminating in
the submission of a Letter of Intent to the SPSC to install BDF/SHiP in ECN3.

The NA62 community accelerated studies for a continued kaon programme in ECN3 post-LS3.
This led to the formation of the HIKE Collaboration, which submitted a Letter of Intent to the SPSC,
coinciding with the BDF/SHiP submission, and outlining two phases of a future kaon programme. The
�rst phase focused on improving the measurement of theK+ ! p+ nn branching ratio to5 %accuracy,
while the second phase aimed to measure the branching ratios ofKL ! p0e+ e� , KL ! p0m+ m� , and
several other important decay channels. Additionally, HIKE proposed spending a signi�cant portion of
time operating in beam dump mode during the �rst phase.

The SHADOWS Collaboration proposed an off-axis experiment, running in parallel with HIKE in
beam dump mode to search for Neutral Heavy Leptons and Dark Sector particles. Their detector would be
positioned immediately after the proton dump of the K12 beamline for HIKE but laterally offset, ensuring
full compatibility with HIKE.

All three Collaborations requested beam intensities per pulse between4 and14 times higher than
those provided for NA62, leading to substantial implications for the beamline, infrastructure, and radiation
protection measures. Until the submission of the respective Letters of Intent, BDF/SHiP was included in
PBC within a dedicated working group. Following the submission of the three Letters of Intent, CERN
established a special ECN3 Beam Delivery Taskforce to assess the feasibility, implications, requirements,
and costs of the proposed facility upgrades. This task force included personnel from both the BDF/SHiP
and Conventional Beams working groups, with all teams prioritising the ECN3 studies until the taskforce
proposals were submitted to the SPSC in September 2023. PBC contributed actively to evaluating the
physics potential of the experiments, and all �ndings were submitted to the SPSC at that time.
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The SPSC carefully reviewed the three proposals, comparing two primary scenarios in detail: the
implementation of either BDF/SHiP or HIKE combined with SHADOWS. Both physics cases were
deemed outstanding and of signi�cant scienti�c importance, though dif�cult to compare directly. The
SPSC was unable to express a clear preference, leading CERN management to approve BDF/SHiP as a
strategic choice. Following this decision, studies for HIKE, SHADOWS, and KLEVER in ECN3 were
concluded, and the ECN3 taskforce evolved into the HI-ECN3 project.

Two additional experiments were initially proposed for high-intensity proton or heavy ion beam
usage: DIRAC++ and DICE/NA60+. Both were discussed in the 2018 Conventional Beams Working
Group report. Since then, the DIRAC++ proposal has been withdrawn, and DICE/NA60+ has been
relocated to EHN1.

HIKE

The NA62 Collaboration had long envisioned continuing the measurement of theK+ ! p+ nn branching
ratio with a4-fold increase in beam intensity after LS3. During this phase, the Collaboration also planned
to dedicate a signi�cant portion of time to data collection in beam dump mode. A potential second
experiment phase could have been as the KLEVER experiment. However, given the time constraints
imposed by the ECN3 studies, investigations related to the KLEVER proposal were put on hold. Instead,
the Collaboration proposed focusing on the measurement of theKL ! p0e+ e� andKL ! p0m+ m�

branching ratios as the primary objectives for the second phase. Numerous other important decay modes
were also planned to be addressed across both phases.

CBWG provided strong support to the HIKE Collaboration in preparing its Letter of Intent,
proposing an initial design of the neutral kaon beam based on the KLEVER beamline studies.

Conceptually, the charged kaon beamline could remain largely unmodi�ed. However, to provide
the higher beam intensities requested, several magnet replacements in the front-end of the kaon beamline
would be necessary. These upgrades were thoroughly studied by the CBWG. As these upgrades would
largely overlap with those required for BDF/SHiP, the newly formed ECN3 Beam Delivery Taskforce
conducted a detailed study of all infrastructure needs. In any case, all efforts rely heavily on a comprehen-
sive consolidation of the North Area infrastructure, a process already underway through the approved
NA-CONS project.

The design of the neutral kaon beam was inspired by theKL beamline used in the NA48 experiment
and, more speci�cally, by the beamline description provided for KLEVER. Minor modi�cations were
introduced to further reduce background fromKS regeneration. Detailed studies were conducted on the
front-end of the neutral beam, where protons are dumped, along with comprehensive analyses of muon
background contributions.

These studies were subsequently halted and documented in the present document, following the
decision to approve the BDF/SHiP proposal for ECN3.

SHADOWS

The SHADOWS experiment was designed to search for Feebly Interacting Particles (FIPs) and was
intended to be located in close proximity to the proton beam dump of the kaon beamline used for HIKE.
The experiment was planned to run in parallel with HIKE whenever HIKE operated in beam dump
mode. Positioned off-axis, SHADOWS would have just �t within the available space in the TCC8 cavern.
Despite the tight spatial constraints on the detector dimensions, SHADOWS would have achieved a large
acceptance due to its proximity to the proton dump at a relatively moderate cost.

The CBWG conducted detailed studies to mitigate muon backgrounds, which would otherwise have
been prohibitive at such close distances to the dump. Other backgrounds would predominantly propagate
downstream and would be minimal at the SHADOWS location. The physics reach of SHADOWS was
designed to be complementary to and transparent to HIKE during beam dump mode operations, with
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SHADOWS focusing on particles produced at larger angles, while HIKE was sensitive primarily to
forward-directed particles.

Integration studies were carried out to assess the feasibility and compatibility of the SHADOWS
concept within the ECN3 taskforce framework. There studies would have continued after a positive
decision for a TDR phase of SHADOWS and HIKE, which was not the case.

Proposals for Neutrino Beams

Two proposals for tagged and monitored neutrino beams became part of the CBWG mandate in 2021. Both
approaches offer signi�cant advantages over conventional neutrino beams, particularly for measurements
of CP violation in the neutrino sector. At the same time, they provide an opportunity to improve knowledge
of neutrino cross sections, which remain among the least well-constrained parameters in neutrino physics.
These uncertainties limit the precision of oscillation experiments and hinder a full understanding of
electroweak interactions in the nuclear medium. The energy ranges accessible at CERN cover both the
regime relevant for long-baseline experiments such as Hyper-Kamiokande and DUNE and the higher-
energy domain probed by IceCube and KM3NeT. High-statistics experiments with a well-characterised
neutrino beam would enable precise studies of neutrino energy reconstruction and kinematic distributions,
which are usually accessible only in electron scattering experiments.

The ENUBET/NP06 proposal is a conceptual study focused on the development of a monitored
ne beam. This low-energy neutrino beam features a long, �at top time structure, enabling monitoring of
thene fraction within the beam. This is achieved by detecting electrons from Ke3 decays using detectors
positioned around the decay tunnel. NuTag is a parallel proposal aimed at developing a taggednm andnm

beam.

Through CBWG, a strong synergy between ENUBET and NuTag has been identi�ed, resulting in
the initiation of a joint study under the name Short Baseline Neutrino beamline (SBN). This uni�ed effort
aims to harness the strengths of both concepts to advance the site-independent design and implementation
of next-generation neutrino beams. First explorations of a potential installation of a Short Baseline
Neutrino facility on and off the CERN site have commenced.

Apart from the two novel concepts of ENUBET and NuTag, the NA61++ experiment proposes the
development of a conventional low-energy beamline, speci�cally dedicated to measurements for neutrino
beams. This project has been reassigned from the CBWG EHN1 subgroup to the CBWG Neutrino Beams
subgroup.

ENUBET

An initial beam design was already in place when ENUBET joined the PBC study in 2021. Since then,
signi�cant enhancements have been made to the design of both, the target complex and the beamline,
notably allowing the beam to be con�gured for different neutrino energies. The ENUBET design is now
considered completed and has been thoroughly documented.

NuTag

NuTag is a proposal for a taggednm andnm beam, featuring a long �at top and employing quadrupoles
instead of a magnetic horn, similar to ENUBET. A notable advantage of this design is its ability to
simultaneously selectp+ andp� beams with identical momentum, thereby producingnm andnm beams
concurrently. The decay section would be surrounded by tagging counters, providing event-by-event
information on the neutrino species.
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Short Baseline Neutrino Beamline

The CBWG has developed a new optics design that enables tagging not only around the decay tunnel but
also in the forward region. The acceptance and performance have been signi�cantly optimised from the
already improved ENUBET and NuTag designs. The feasibility of the proposed neutrino beam concept
has been shown.

This study has since progressed from a site-independent conceptual phase to an implementation
study at CERN. One potential location has been identi�ed near the old West Area target zone TCC6,
utilising the TT61 tunnel towards the West Area. This implementation location would require a new slow
extraction system, for which a conceptual pre-study has been completed. The detector could potentially be
one of the existing ProtoDUNE liquid argon cryostats, currently installed in the Neutrino Platform part of
EHN1. However, the implementation study remains in its early stages and requires further development.

Costs

Cost estimates remain largely very preliminary. Table 2 lists the current estimates, categorised into four
cost groups as an initial reference. Notably, consolidation costs, such as those for electrical systems,
cooling, ventilation, and civil engineering infrastructure, are not included. Additionally, these estimates
pertain solely to beam and infrastructure upgrades and do not account for the costs of the experiments
themselves.

The cost categories are de�ned as follows:

– C0: Up to 300 kCHF
– C1: From 300 kCHF to 2 MCHF
– C2: From 2 to 10 MCHF
– C3: Above 10 MCHF

Please note that some of these upgrades have already been partly or completely implemented,
including the new shielding for NA61/SHINE, the newly established PPE144 zone with NA64e already
taking data in it, and the re-cabling of the �rst achromat in the K12 beam.

Final remarks and conclusions

The Conventional Beams Working Group has conducted extensive studies and made signi�cant contribu-
tions to all proposals submitted for its review. A common requirement across nearly all proposals is the
need for higher proton �uxes, with the most demanding requests coming from proposals for the ECN3
underground cavern. Following the submission of Letters of Intent from BDF/SHiP, HIKE+SHADOWS,
the priority request for increased primary proton beam intensity to ECN3 was initially transferred to a
dedicated task force and, more recently, to the HIECN3 working group.

No major obstacles were identi�ed, and the cost estimates for BDF/SHiP and HIKE plus SHAD-
OWS were comparable. Ultimately, CERN management made a strategic decision in favour of BDF/SHiP.
Consequently, the HIKE and SHADOWS studies were �nalised and documented in the present report,
along with the original KLEVER studies.

Since publishing our previous report in 2022, several experiments have been approved and imple-
mented, either fully or partially. These include AMBER Phase 1, NA64e in a dedicated zone, NA64m, a
MUonE pilot detector, and an increased intensity for NA61/SHINE. The electron �uxes for NA64e have
been steadily increased while maintaining excellent background conditions.

A detailed study for AMBER Phase 2 has shown that an RF-separated kaon beam falls signi�cantly
short of delivering the required kaon �uxes at the momenta needed for the Drell–Yan programme and
can only marginally support the lower-intensity components of the physics programme. However, a
conventional beamline with substantially improved vacuum conditions should be capable of providing the
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Table 2: Preliminary cost estimates for the initial proposals where available. The de�nition of cost categories is
explained in the text.

Location Proposal Foreseen upgrades Cost category Comment

NA61++ Shielding, interlocks C1 Done.
EHN1 DICE/NA60+ Shielding, magnets, power, beam

instrumentation (TT20+H8) C2
NA64e Semi-permanent location C0 Done.

NA64m New location in beamline C0 Done.
NA64m Phase 2, detector installation in SM2 C0

EHN2 MUonE Installation in M2 beamline C1
AMBER Static vacuum improvements C1 Ongoing.
AMBER Magnetic collimator upgrade C2
AMBER New RF-separated beam C3

NA62/HIKE-BD Re-cabling formsweeping C0 Done.
HIKE-K+ Compatibility with high C3

intensity operation
HIKE-KL Replacement of K12 with C2

ECN3 neutral beamline
HIKE-KLEVER Upgrades, civil engineering, C3

and new beamline
SHADOWS Integration of experiment C2
DIRAC++ New K12 beamline C2

ENUBET1 New beamline (site-independent) N/A
other NuTag1 New beamline (site-independent) N/A

SBN New slow extraction from SPS C3

necessary kaon �ux with suitable conditions for kaon tagging. Technical studies for its implementation
are well underway.

These improvements would also bene�t both NA64mand MUonE. The latter wants to perform
measurements also with an electron beam which, thanks to improved vacuum conditions in M2, can be
made available at the MUonE location with adequate quality. However, since the vacuum implementation
affects the magnetic collimators and hadron absorbers in the muon beamline, it may impact muon beam
performance or introduce operational constraints.

In EHN1, NA61++ continues the NA61/SHINE hadron programme, focusing on particle production
for cosmic ray studies and neutrino beams, as well as its ion beam programme for open charm production
and fragmentation studies. Local improvements have been made to shielding and interlocks to mitigate
intensity and beam position variations. A dedicated local low-intensity beam design has been completed.
While the physics case has been endorsed by the SPSC, the proposal is still under consideration for
potential future approval from the Research Board. Studies for the implementation of NA60+ are
underway; however, the feasibility of low-energy ion and primary proton beams remains to be clari�ed.

The ENUBET and NuTag proposals for monitored or tagged neutrino beams have now been merged
into a combined Short Baseline Neutrino study. This study is progressing very fast and has already
provided a site-independent SBN concept. Preliminary studies for a potential SBN implementation at
CERN have just started.

1Conceptual design, now superseded by SBN.
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Chapter 1

Introduction

Johannes Bernhard, Markus Brugger, Lau Gatignon, Silvia Schuh

1.1 The Physics Beyond Colliders Study

The Physics Beyond Colliders (PBC) Study at CERN [7] continues to provide a platform for exploratory
studies aimed at fully exploiting the scienti�c potential of CERN's accelerator complex and its infrastruc-
ture through projects complementary to the objectives of the main experiments of the laboratory's collider
programme.

This study shall provide input for the future of CERN's �xed-target programme, which currently
spans several facilities and experiments at the Booster, PS and SPS, covering the period until the 2040s.
Efforts shall be made to ensure complementarity with similar initiatives worldwide, optimising resources
of the particle physics �eld globally, fostering synergies with other laboratories and institutions, and
attracting the international particle physics community. The proposed projects or experiments shall:

– Enrich and extend CERN's scienti�c programme,
– Make optimal use of the unique opportunities offered by CERN's existing accelerator complex and

scienti�c infrastructure,
– Complement the �agship experiments of CERN's collider programme (LHC, HL-LHC and possible

future colliders).

Physics objectives include searches for rare processes and feebly interacting particles, QCD physics,
searches for physics beyond the Standard Model, as well as precision measurements of electric dipole
moments, among others.

The mandate for the Physics Beyond Colliders study was renewed at the beginning of 2021 [7] and
the �rst Annual Workshop under the renewed mandate was held in early March 2021 [8]. Since 2021, the
PBC study has been structured into two main domains, each comprising multiple subgroups:

– The physics domain features three working groups, each focusing on speci�c research areas:

– BSM (Beyond Standard Model),
– QCD physics,
– FIP (Feebly Interacting Particles) Physics Centre (FPC), newly created in 2021.

– The accelerator and technology domain (PBC-Accelerators & Technology committee) [9], composed
of a number of working groups, including the Conventional Beams working groups.

The overall organisation of PBC from 2021 onwards is illustrated in Fig. 1. Pictures of the
experimental hall EHN1, of the AMBER/COMPASS experiment in EHN2, and of the NA62 experiment
in ECN3, are provided in Figs. 2–4.

1.2 The Conventional Beams Working Group

During the initial PBC kick-off workshop in September 2016 [10], a substantial number of �xed-target
(FT) proposals were presented. It was deemed essential to conduct pre-proposal studies to enable the PBC
working groups to effectively evaluate the scienti�c merit of these FT proposals.

The Conventional Beams working group is tasked with examining a broad range of proposals that
could be accommodated within the existing non-LHC experimental areas. Given the extensive list of
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Fig. 1: The overall structure of the Physics Beyond Colliders study.

Fig. 2: Overview picture of the experimental hall EHN1.
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Fig. 3: The AMBER/COMPASS experiment in the EHN2 hall.

studies, initial efforts were concentrated on proposals that offer the potential for short- and medium-term
implementation with limited resource requirements, as well as those that appeared the most advanced
and competitive from a physics standpoint. This prioritisation was based on available input following the
initial kick-off event and an initial feasibility analysis regarding their FT implementation.

In 2021, a new set of proposals was added to the CBWG mandate and corresponding studies have
been initiated or continued where appropriate. The current list of proposed experiments is shown in
Table 3. In the meantime, some proposals, like DIRAC++ and KLEVER, have been either withdrawn or
suspended.

1.3 Existing Beamlines and Experimental Areas

Based on the list of proposals in Table 3, the Conventional Beams working group primarily focuses on the
North Experimental Area at the CERN Super Proton Synchrotron (SPS), commonly referred to as the
North Area. The North Area receives a primary proton beam with a momentum of400 GeV/c from the
CERN SPS1, or primary ion beams of corresponding or lower rigidity.

The full SPS proton beam is slowly extracted to the North Area during a �at top phase typically
4.8 s. This duration can be adjusted based on the requirements of the speci�c physics programme — for
instance, shortened for the Beam Dump Facility or extended for cases of cohabitation with the Beam
Dump Facility within the same super-cycle (i.e., the accelerator operation sequence that is cyclically
repeated). The typical duty cycle, de�ned as the ratio between the useful �at top length and the full

1Beams of up to a maximum of 450 GeV/c can be delivered and transported up to the production targets.
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Fig. 4: The NA62 experiment in the ECN3 underground cavern.

super-cycle duration, ranges between20 %and30 %. The maximum routinely extracted proton intensity
per spill (ppp) during standard physics operations using slow extraction was approximately3.5 × 1013 ppp,
with future plans aiming to reach4 × 1013 ppp. This proton �ux is transported to and directed through
two series of splitter magnets onto three primary targets (T2, T4 and T6) from which the North Area
beamlines are derived.

The North Area consists of two surface halls, EHN1 and EHN2, along with an underground cavern,
ECN3. EHN1 is the largest surface hall at CERN, measuring330 m� 50 m, and hosts the H2, H4, H6 and
H8 beamlines.

EHN2 is served by the almost1200 mlong M2 beamline [41], which provides muon, hadron and
electron beams, currently serving three experiments : AMBER [11–13], MUonE [36] and NA64m[33].

In ECN3, the NA62 experiment [42], dedicated to studying rare kaon decays, is served by the K12
beamline.

Figure 5 presents a schematic layout of the North Area beamlines and experiment complex as
implemented in 2025.

The T2 target serves the H2 and H4 beamlines. These two lines are normally operated as versatile
secondary or tertiary beamlines but can occasionally be con�gured to transport ions or attenuated primary
proton beams. The two beams exit the target at a relative angle of11.2 mrad, and their momenta are
coupled through the angle of incidence of the proton beam on the production target.

This relative angle between the two beams and the resulting distribution of different momenta
between the two beamlines can be adjusted with different settings of the T2 wobbling station. This station
comprises two sets of dipole magnets upstream and one pair of dipole magnets downstream of the primary
target, enabling precise control over beam trajectories and momenta.

The H2 beamline hosts the NA61/SHINE experiment [27–30], which supports an extensive physics
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Table 3: List of proposals currently being followed by the Conventional Beams working group.

Experiment Brief description and comments

AMBER/NA66 [11–13] Study new requests, including RF separated beams and improvements to
the conventional beamline.

BDF/SHiP [14–20] Formally not part of the CBWG, but beam studies are in synergy with
those for HIKE. Fully approved in 2024 and from then on
followed within the HI-ECN3 project.

ENUBET/NP06 [21,22] A monitored electron neutrino beam, now merged into SBN.
HIKE [23,24] Performed detailed study for a next kaon experiment in ECN3.

Study discontinued as BDF/SHiP was approved for ECN3.
DICE/NA60+ [25,26] Study implementation options for focused high-intensity Pb and proton

beams down to low SPS energy. Originally considered for ECN3, now
studied for EHN1 (H8 beamline).

NA61++ [27–30] Exploit NA61/SHINE at higher intensity and with better machine protec-
tion.
A study for a new Very Low Energy beam has been completed.

NA64e,h [31,32] Increase electron �ux and optimise hadron beams in H4.
NA64m[33] Implementation of a NA64-like experiment with muons in M2.
NuTag [34,35] A monitored muon neutrino beam, now merged into SBN.
MUonE [36] Implementation of MUonE for operation with muon beams

to study the hadronic contribution to the vacuum polarisation
SBN [37] Tagged (monitored) neutrino beam, fornm andne beams

simultaneously, integration of ENUBET and NuTag.
SHADOWS [38,39] Beam study to search for FIPs in ECN3, running in parallel with HIKE.

Study discontinued as BDF/SHiP was approved for ECN3.
True Muonium [40] A search for true muonium with an e+ beam at resonance threshold.

Study is on hold.

Fig. 5: A schematic layout of the 2025 North Area beamlines and experiment complex.
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programme utilising both hadron and heavy ion beams. The H4 beamline provides a particularly clean
electron beam, while also offering high-quality hadron or muon beams to its users. Currently, the primary
physics experiment in H4 is NA64 [43], which focuses on dark photon searches using high-purity electron
beams [44].

The above con�gurations highlight the versatility of the T2 target and its associated beamlines, H2
and H4, supporting a broad spectrum of physics research through �exible beam tuning and specialised
facilities.

The H6 and H8 beamlines originate from the T4 target and are designed as versatile beamlines
capable of transporting hadron and electron beams, as well as providing low- to medium-intensity muon
beams. These beamlines are primarily utilised for test beam activities, supporting a wide range of detector
development and calibration efforts.

Occasionally, the H8 beamline can be con�gured to operate as a low-intensity, low-emittance,
attenuated primary proton beam. This specialised con�guration, referred to as the micro-beam option,
offers good beam parallelism, making it ideal for speci�c studies. The UA9 experiment [45] took
advantage of this micro-beam setup to conduct crystal channelling and collimation experiments, as well
as the crystal studies for the NA48KS beamline [46,47], exploring innovative methods for loss reduction
in high-energy accelerators and beam steering.

This �exibility in beam con�gurations underscores the adaptability of the H6 and H8 beamlines,
serving beam tests, fundamental research and applied accelerator studies.

Most of the time, the protons hitting the T4 target are directed towards the P42 beamline, while the
secondary particles produced in the target supply secondary or tertiary beams to the H6 and H8 beamlines.
Protons that do not interact with the T4 target are transported by the P42 beamline to the T10 target,
located838 metersdownstream of T4. The T10 target generates a high-intensity mixed secondary beam,
which is then transported by the K12 beamline to the NA62 experiment, dedicated to rare kaon decay
studies and located in the ECN3 underground cavern. Within this setup, the KTAG Cherenkov detector
identi�es and tags the kaon component of the beam, which constitutes approximately6 %of the total �ux.

This T4 wobbling con�guration enables ef�cient use of the proton beam, supporting multiple
experiments across different beamlines while ensuring precise kaon tagging for the NA62 experiment.

The T6 target produces the M2 beamline, which serves the AMBER experiment located in the
EHN2 hall. The M2 beamline offers a globally unique, high-energy, high-intensity muon beam. In
addition to its muon con�guration, its initial purpose as a muon beamline, it can now be also operated as a
high-intensity hadron beam, extending its versatility for various physics programmes. While there is the
option to operate the M2 beamline as a tertiary electron beam, the currently achievable rates in this mode
are low, limiting it to test or calibration applications. As will be discussed in more detail in Chapter 4,
planned vacuum improvements in the M2 beamline will also signi�cantly enhance the available electron
rates in the M2 beamline.

A detailed overview of the characteristics of the North Area beamlines is provided in Table 4.
The maximum intensities in all beamlines are primarily constrained by radiation protection guidelines,
especially within the surface halls. Additionally, factors such as beam momentum, production angle, and
particle type can further limit achievable intensities due to their impact on particle production rates.

1.4 Input from Experiments and Physics Working Groups

NA62 is conducting a last data taking run for the measurement of the very rare decay modeK+ ! p+ nn
until LS3. The experiment operates the beamline also in beam dump mode. In this condition the T10
primary target is moved into OUT position and the full proton beam of up to3 × 1012 pppis dumped onto
the K12 dump collimators (TAX) while the muon sweeping system is left active. Prior to LS2, CBWG
studies suggested that background rejection could be signi�cantly improved in beam dump mode by
re-cabling the �rst four dipoles in the K12 kaon beamline. This re-cabling was completed during LS2,
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Table 4: Overview of the characteristics of the North Area beamlines. If multiple entries are provided for a speci�c
value, the �rst one corresponds to primary beam operation, while the second one refers to secondary beams. The
following abbreviations are used for particle types: p (protons), h (hadrons), e (electrons),m(muons). Intensities are
given for a typical spill of 4.8 s.

Parameter H2 H4 H6 H8 M2 K12 P42

Max. momentum (GeV/c) 400=360 400=360 205 400=360 280 75 400
Max. acceptance (µsr) 1:5 1:5 2 2:5 5(h) 12:7 1:4(p)

0:3(e,h)
Maximum�p =p (%) � 2:0 � 1:4 � 1:5 � 1:5 � 4:0 � 2:0 � 0:5(p)
Typical �p =p (%) � 1:0
Maximum intensity/spill 107/105 107/105 107/105 107/105 5 × 108 2.2 × 109 6 × 1012

Particle types (typical) p, h,m,
e, ions

p, h,m,
e, ions

h, m, e p, h,m,
e, ions

m, h, e h,m p, h,m,
e, ions

and data collected from 2021 onwards have con�rmed a substantial reduction in background, as expected,
thereby creating relatively clean conditions for heavy neutral lepton and axion searches.

KLEVER [48] was an independent proposal designed to collect a substantial sample ofKL ! p0nn
decays in a newly developed experimental setup, ideally located in ECN3. This would have required the
creation of an entirely new neutral K12 beamline. Due to the smaller angular acceptance in the absence
of focusing, achieving the desired event rate would have necessitated a proton �ux on the T10 target
approximately seven times higher than that used for NA62. Speci�cally, a �ux of2 to 2.4 × 1013 ppp
would have been required on the T10 target, compared to the nominal 3 × 1012 ppp used by NA62.

This signi�cant increase in proton �ux would have had major implications for radiation protection,
ventilation, machine safety, and equipment design. While relevant studies were detailed in the 2018 Con-
ventional Beams Working Group Report [1], the Collaboration later identi�ed unmanageable background
contributions from� ! p0n decays. Potential mitigation strategies from the beam dynamics perspective
involved lengthening the beamline and increasing the production angle from2.4 to 8 mrad, as documented
in the 2022 Conventional Beams Working Group Report. Nevertheless, the KLEVER Collaboration has
not presented a �nal validation of this approach, and as a result, KLEVER has not been included in any
subsequent proposals.

The previous European Strategy report strongly endorsed the physics case for an ambitious kaon
physics programme at CERN, while also emphasising the importance of searching for Dark Sector
particles and Feebly Interacting Particles (FIPs). The BDF/SHiP proposal, submitted to the PS and SPS
Scienti�c Committee (SPSC) in 2015, was designed to search for Heavy Neutral Leptons and other Dark
Sector particles in a new underground cavern, ECN4.

Although the European Strategy strongly supported the BDF/SHiP physics case, it concluded that
the experiment could not be funded within the time-frame covered by the previous European Strategy,
�nalised in 2020. As a result, BDF/SHiP explored alternative locations and identi�ed ECN3 as the most
suitable and cost-effective solution after the end of NA62. This culminated in the submission of a Letter
of Intent to the SPSC to install BDF/SHiP in ECN3.

As studies for high-intensity operation in ECN3 progressed, the NA62 community intensi�ed
its exploration of a continued kaon programme for the post-LS3 era. This led to the formation of the
HIKE Collaboration, which submitted a Letter of Intent to the SPSC, coinciding with the BDF/SHiP
submission, and outlining two phases of a future kaon programme. The �rst phase focused on improving
the measurement of theK+ ! p+ nn branching ratio to5 % accuracy, while the second phase aimed
to measure the branching ratios ofKL ! p0e+ e� , KL ! p0m+ m� , and several other important decay
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channels. Additionally, HIKE proposed spending a signi�cant portion of time operating in beam dump
mode during the �rst phase.

The SHADOWS Collaboration [38] presented at the 2021 Annual PBC Workshop and proposed
operating in parallel with HIKE in beam dump mode to search for Neutral Heavy Leptons and Dark
Sector particles. The SHADOWS detector would be strategically placed immediately downstream of
the proton dump in the K12 beamline for HIKE but laterally offset to ensure full compatibility with
HIKE operations. SHADOWS would have signi�cantly bene�ted from an increased proton �ux in the
P42/K12 beamline, as its operation was not constrained by rate limitations. Several critical considerations
required detailed studies by the Conventional Beams team, including radiation protection, integration
with existing infrastructure, and the mitigation of muon background. Additionally, it was essential to
ensure that SHADOWS could operate fully transparently alongside the ongoing NA62 experiment without
causing interference.

All three Collaborations requested beam intensities per pulse between4 and14 times higher than
those provided for NA62, leading to substantial implications for the beamline, infrastructure, and radiation
protection measures. Until the submission of the Letters of Intent, the BDF/SHiP request was studied by
PBC within a dedicated working group. Following the submission of the three Letters of Intent, CERN
established a special ECN3 task force to assess the feasibility, implications, requirements, and costs
of the proposed intensity upgrades. This task force included personnel from both the BDF/SHiP and
Conventional Beams working groups, with all teams prioritising the ECN3 studies until the task force
proposals were submitted to the SPSC in September 2023. PBC contributed actively to evaluating the
physics potential of the experiments, and all �ndings were submitted to the SPSC at that time.

The SPSC carefully reviewed the three proposals, comparing two primary scenarios in detail: the
implementation of either BDF/SHiP or HIKE+SHADOWS. Both physics cases were deemed outstanding
and of highly signi�cant scienti�c importance, though dif�cult to compare directly. The SPSC was unable
to express a clear preference, leading the CERN management to approve BDF/SHiP as a strategic choice.
Following this decision, studies for HIKE, SHADOWS, and KLEVER were concluded, and the ECN3
task force evolved into the HI-ECN3 project. Chapter 4 of this document, along with its references,
presents the �nal results of the aforementioned studies.

Two other experiments, namely DIRAC++ and DICE/NA60+, were initially proposed for very high
proton or heavy ion beam intensities in ECN3. Both were discussed in the 2018 Conventional Beams
working group report. Since then, the DIRAC++ proposal has been withdrawn and DICE/NA60+ has
been reassigned to a new location in EHN1.

In the EHN2 hall, the COMPASS experiment continued its physics programme using the existing
M2 muon and hadron beam options until its of�cial conclusion at the end of 2022. The AMBER
Collaboration, also known as NA66 and the direct successor of COMPASS, was approved for a �rst
phase to extend QCD-related research activities. While AMBER utilises largely the same apparatus and
continues to exploit the existing M2 beam options, it pursues different physics goals, marking a new
direction in the experimental programme.

This AMBER Phase 1 programme has been developed through the PBC CBWG and it encompasses
a measurement of the proton radius, a deep virtual Compton scattering experiment with a muon beam,
Dark Matter searches using low-momentum antiproton beams, and a Drell–Yan measurement programme
with kaon and pion beams.

In recent years, the AMBER Collaboration has been preparing for the second phase of its physics
programme, with a primary focus on conducting a high-intensity kaon beam experiment for Drell–Yan
studies. This effort has brought to light several technical challenges, notably the low kaon production rate,
the short kaon lifetime, and the considerable length (1100 m) of the M2 beamline, which collectively result
in a limited kaon intensity at the AMBER site. Additional constraints from radiation protection guidelines
further limit the total beam intensity and thereby the kaon rate. Although the use of differential Cherenkov
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counters (CEDAR) allows ef�cient kaon tagging, the existing beamline's signi�cant divergence reduces
their effectiveness. While a potential RF-separated kaon beamline was explored, its current technical
limitations and high costs made it unsuitable for meeting the stringent intensity requirements of the
Drell–Yan programme.

As an alternative, upgrading the existing M2 beamline to improve vacuum conditions and particle
identi�cation presents a cost-effective solution to reduce beam divergence and increase the CEDAR
tagging ef�ciency, thereby effectively enhancing kaon intensity at the AMBER experimental site. Studies
show that placing key sections of the beamline under vacuum, particularly around magnetic collimators
and hadron absorbers, signi�cantly improves beam parallelism and overall performance. This approach
not only bene�ts the kaon beam but also enhances tertiary electron beam quality for calibration purposes.
Additionally, the Collaboration has considered future options, such as a low-energy antiproton-rich beam,
though this part of the programme is currently on hold. If muon beam operations are discontinued in the
future, further cost-effective upgrades could permanently optimise the beamline for hadron and electron
experiments, potentially signi�cantly expanding AMBER's scienti�c reach.

NA64mrecently proposed a search for the invisible decays of aZ0boson as a potential low-mass
explanation for the(g � 2)m anomaly, using the existing M2 muon beam, which already meets the
required momentum and �ux. While the experiment spans20 mand cannot �t within the AMBER zone
without major modi�cations, a suitable alternative location was identi�ed upstream in zone PPE211 by
recon�guring the beamline. Local beam optics adjustments and the removal of two quadrupoles, replaced
by two dipoles, created the necessary space and functionality. Efforts to reduce hadronic contamination,
primarily originating from the NA64mdetectors themselves, successfully limited it to around10�6 . The
experiment is currently running under stable conditions and is expected to continue until LS3. Future
plans for a higher-rate version, potentially integrated with the AMBER experiment's SM2 spectrometer
magnet, are on hold pending further studies.

The MUonE Collaboration aims to measure muon-electron elastic scattering to precisely determine
the hadronic contribution to the muon magnetic moment,(g � 2)m. It uses the M2 muon beam under
standard operating conditions with minor upstream optics adjustments. The experiment requires a40 m
long detector setup, planned for the same location as NA64m, though simultaneous operation is not
possible due to con�icting layouts and beam rate requirements. Similarly, MUonE cannot run concurrently
with AMBER, as its equipment strongly impacts muon beam performance for AMBER. While initial tests
with up to two target modules have been successful and cohabitation with other users has been smooth,
full implementation will complicate changeovers. To shorten the data-taking period, MUonE now aims
for beam intensities up to109 muons per SPS spill, signi�cantly exceeding the current M2 limit of2 × 108

muons. This increase has prompted studies to address radiation management, including strategies such as
de�ecting the beam downward after the experiment to reduce the radiation dose at the surface. Integration
studies are underway to develop optimised cohabitation strategies for MUonE, NA64m, and AMBER,
aiming to ensure ef�cient use of the M2 beamline while minimising operational con�icts and maintaining
optimal performance for all experiments.

In EHN1, the NA61/SHINE experiment, located in the H2 beamline, continues to lead the SPS
heavy-ion programme, focusing on the exploration of the phase transition to Quark-Gluon Plasma (QGP).
Post-LS2, NA61/SHINE has expanded its research to include open charm measurements, cosmic ray
physics studies, and particle production measurements using neutrino beam replica targets. The experiment
now bene�ts from a tenfold increase in beam intensity in the H2 beamline and has requested a study for
an in-situ low-energy beamline. This study has been completed since, but its implementation is on hold,
pending CERN Research Board approval.

NA64e plans to advance its search for dark photons and other dark matter candidates using pure
electron beams, with future expansions to hadron beams, possibly also in the H4 beamline. To optimise
beam time, NA64 aims to maximise electron beam intensity while maintaining purity and has also
proposed running with medium-energy positron beams. To reduce setting-up time, they had requested a
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dedicated beam zone for a quasi-permanent installation in the H4 line, which has been made available and
has already been successfully used by NA64e since 2021.

DICE/NA60+ proposes studying electromagnetic and hard probes of the Quark-Gluon Plasma in
heavy-ion collisions using lead beams at varying energies at the CERN SPS, with a focus on open charm
production. Initially proposed for the underground ECN3 cavern to access higher beam intensities, the
experiment was relocated to EHN1 due to incompatibilities with NA62, HIKE+SHADOWS, or BDF/SHiP,
accepting lower maximum beam intensity and reduced detector dimensions as a trade-off.

Ideally all the above addressed studies shall conclude with an evaluation of feasibility and an
estimate of their respective, associated cost.

Additional studies concern the delivery of a suf�cient number of protons to the North Area. These
studies continue to be done in synergy with the Injector Capabilities and BDF working groups within the
PBC Accelerators and Technology domain.

The role of the Physics Beyond Collider study and the Conventional Beam working group has been,
and continues to be, crucial in supporting participating experiments in preparing formal proposals for
submission to CERN's scienti�c committees.
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Organisation of the Conventional Beams Working Group

Johannes Bernhard, Markus Brugger

The different proposals submitted to the Conventional Beams working group exhibit correlations
and synergies, lending themselves to being grouped into four distinct categories, based on the following
rationale:

– Standard Operation Enhancements: NA61++ and NA64e are closely aligned with standard operation
and primarily require enhanced shielding and targeted beamline improvements. Both experiments
are located in EHN1.

– Revised Requirements and Layout: The DICE/NA60+ Collaboration has signi�cantly reduced its
intensity and space requirements and shifted its baseline location from ECN3 to the H8 beamline in
EHN1.

– High-Intensity ECN3 Experiments: HIKE, SHADOWS, and DIRAC++ can only be considered for
implementation in ECN3 due to their high-intensity requirements.

– High-Intensity Muon Beams in EHN2: AMBER, MUonE and NA64mall request access to a
high-intensity muon beam, which is exclusively available through the M2 beamline serving the
EHN2 hall. Notably, the COMPASS experiment concluded its programme in 2022, freeing up space
in this area.

– Neutrino Beam Studies: ENUBET and NuTaG are not tied to any speci�c experimental area and are
therefore evaluated within a dedicated subgroup focused on neutrino beam studies (CBWG-NB).
Additionally, the low-energy beamline branch for NA61++ (denoted NA61 LE) is included in this
category due to its potential role in characterising hadron production for neutrino beams.

Conveniently, three of these categories align directly with the existing experimental halls and
caverns: EHN1, EHN2, and ECN3. Each facility hosts projects with shared infrastructure needs, enabling
ef�cient planning and resource allocation.

In EHN1, the proposals require similar enhancements, including improved shielding and beamline
modi�cations, which necessitate similar approaches and expertise for their studies. In EHN2, the proposals
compete for the same limited space and access to the M2 beamline, necessitating careful co-habitation
coordination. Meanwhile, in ECN3, all proposed experiments require similar and correlated studies on
radiation protection, target complex con�guration, and ventilation, as they aim to be installed within the
same underground cavern.

To streamline coordination and optimise resources, the Conventional Beams working group has
been organised into four dedicated subgroups, as illustrated in Fig. 6.

The Conventional Beams working group is supported by expert advisors and maintains close
coordination with representatives from the PBC physics group, as well as with referees for experiments
that have advanced to either Letter-of-Intent (LoI) or Proposal status under the PS and SPS Scienti�c
Committee (SPSC)1.

The core activities of the CBWG are carried out within the four sub-working groups, which organise
meetings either with individual experiments or collectively with all concerned experiments, whenever
required. The full Conventional Beams working group convenes several times a year. These sessions bring
together all supported experiments along with the involved technical experts involved. In parallel, regular
dedicated meetings are held within the BE-EA-LE section, which hosts the beam physicists responsible for

1https://committees.web.cern.ch/spsc
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