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Contribution ID: 1 Type: not specified

Searches for Sterile Neutrinos at CERN: Contribution
to European Strategy for Particle Physics

These are some suggestions concerning ongoing and future tests that can be
performed at CERN to search for possible sterile neutrinos and set
constraints on their masses and mixings. In addition to European
participation in neutrino oscillation experiments, in searches for
neutrinoless double beta decay, and in KATRIN, it is emphasized here that
sensitive searches for sterile neutrinos can be carried out onsite at CERN,
including further searches for heavy neutrinos by NA62 and the proposed SHIP
experiment, and related general searches for long-lived neutral weakly
interacting particles.

Primary author: SHROCK, Robert (Stony Brook University)

Track Classification: Neutrino physics (accelerator and non-accelerator)
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Newtonian Test of the Standard Model

Isaac Newton’s book ‘Opticks’ from the 18th century includes a number of hypotheses on the
structure of matter. Most of the hypotheses were confirmed during the 19th and 20th centuries at
the scales of nucleons, nuclei, atoms, molecules and macromolecules. Conflicts appear however at
the scale of quarks and gluons according to the Standard Model of particle physics. The confirma-
tions at the larger scales, and the conflicts at the smallest scale, are described and discussed here.
Various precursors to the Standard Model for which the conflicts are less severe are also described.
These date back to Yukawa’s meson model of 1935, and they require substructure in the proton at
a fine scale. Observations with electron-proton colliders could clarify the situation.

Primary author: Prof. YOCK, Philip (University of Auckland)

Track Classification: Other (communication, outreach, strategy process, technology trans-
fer, individual contributions,…)
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TIARA contribution to the European Strategy of
Particle Physics

This letter highlights the importance of Accelerator Science and Technology for the future of par-
ticle physics and suggests some recommendations in this area for the elaboration of the update of
the European Strategy for particle physics.

Primary authors: TIARA CONSORTIUM; Dr ALEKSAN, Roy (on behalf of TIARA)

Track Classification: Accelerator Science and Technology
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A European Data Science Institute for Fundamental
Physics

In order to facilitate the deployment of modern data science technologies (e.g., Deep Learning)
into theoretical and experimental research in high energy physics, we suggest that the creation of
a  European Data Science Institute for Fundamental Physics is included among the recom-
mendations of the European Strategy group. Such an institute would facilitate the development of
cross-collaboration and across-border work on general-interest techniques, as well as yield knowl-
edge transfer from and to other scientific communities (astrophysics, cosmology, computer science,
etc.) and tech companies worldwide.

Primary author: PIERINI, Maurizio (CERN)

Track Classification: Instrumentation and computing
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Gamma Factory for CERN

This contribution discusses the possibility of creating novel research tools at CERN by producing
and storing highly relativistic atomic beams in its high-energy storage rings, and by exciting their
atomic degrees of freedom by lasers to produce high-energy photon beams. Their intensity would
be, by several orders of magnitude, higher than those of the presently operating light sources,
in the particularly interesting gamma-ray energy domain reaching up to 400 MeV. In this energy
domain, the high-intensity photon beams can be used to produce secondary beams of polarised
electrons, polarised positrons, polarised muons, neutrinos, neutrons and radioactive ions. The
atomic beams, the photon beams and the above secondary beams are the principal research tools
of the proposed Gamma Factory. New research opportunities in a wide domain of fundamental
and applied physics can be opened by the Gamma Factory scientific programme.

Primary author: KRASNY, Mieczyslaw Witold (Centre National de la Recherche Scientifique
(FR))

Track Classification: Accelerator Science and Technology
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Advanced LinEar collider study GROup (ALEGRO)
Input

Advanced and Novel Accelerators (ANAs) can provide acceleration gradients orders of magnitude
greater than conventional accelerator technologies, and hence they have the potential to provide
a new generation of more compact, high-energy machines. Four technologies are of particular
interest, all of which rely on the generation of a wakefield which contains intense electric fields
suitable for particle acceleration. In the laser wakefield accelerator (LWFA) and plasma wakefield
accelerator (PWFA) the wakefields are driven in a plasma by intense laser or particle beams, re-
spectively; in the structure wakefield accelerator (SWFA), the wake is excited by a particle bunch
propagating through a structured tube; and in the dielectric laser accelerator (DLA), a laser pulse
directly drives an accelerating mode in a dielectric structure.

In view of the great promise of ANAs, and the substantial effort worldwide to develop them, the
Advanced LinEar collider study GROup, ALEGRO, was formed at the initiative of the ICFA ANA
panel. ALEGRO aims to foster studies on accelerators based on ANAs for applications to high-
energy physics, with the ambition of proposing a machine that would address the future goals of
particle physics. This document summarizes the current view of the international community on
this topic. It proposes a list of priorities that the community would like to invest effort in over the
next five to ten years.

We propose as a long-term goal the design of an e+/e /gamma collider with up to 30 TeV in the
center of mass - the Advanced Linear International Collider (ALIC). On the path to this collider,
a number of stepping stones have to be established. These will lead to spin-offs at lower energy
that will benefit ultrafast X-ray science, medicine, and industrial applications. The major goal for
our community over the next five to ten years is the construction of dedicated ANA facilities that
can reliably deliver high-quality, multi-GeV electron beams from a small number of stages. The
successful demonstration of robust stages of this type would provide a platform for ANAs with
large number of
stages generating high-quality beams in the TeV range.
The document also discusses other challenges that must be met for the complete ALIC concept.
These include the design of appropriate particle sources, the development of high-power lasers
needed for LWFAs and DLAs, the achievement of required tolerances, and the need for additional
tools such as the development of novel diagnostics for the ultra-fast bunches generated by ANAs,
and fast simulation methods.

Primary authors: Dr CROS, Brigitte (CNRS LPGP); Dr MUGGLI, Patric (Max Planck Institute for
Physics)

Track Classification: Accelerator Science and Technology
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DM follies and the ‘Krisis’ of particle physics

This document has been prepared as an input for the discussions on an
European Strategy for Particles Physics.

Primary author: Dr RICHARD, Francois (LAL-Orsay)

Track Classification: Other (communication, outreach, strategy process, technology trans-
fer, individual contributions,…)
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Prospects for exploring the Dark Sector physics and
rare processes with NA64 at the CERN SPS

The CERN SPS offers a unique opportunity for exploring new physics due to the availability of
high-quality and high-intensity secondary beams. In the 2016-18 runs, the NA64 experiment has
successfully performed sensitive searches for Dark Sector and other rare processes in missing
energy events using high energy electron interactions in an active dump. The NA64 Collaboration
plans to continue such searches to fully exploit the potential of the experiment and increase its
discovery reach with high-energy muon and hadron beams.
Our research program with e− - beam aims at a high sensitivity search for visible and invisible
decays of dark photons, A′, and the exploration of the parameter space for the sub-GeV Dark
matter production in invisible decays of A′ mediator motivated by thermal Dark Matter models.
It also includes clarification of the origin of the 8Be anomaly, observed by the Atomki experiment,
and searches for Axion Like Particles (ALP) particles. With the M2 muon beam, we propose to
focus on the unique possibility to search for new states weakly coupled predominantly to muons,
in particular a new gauge Zµ boson of Lµ − Lτ symmetry, which can resolve the long standing
muon (g-2)µ discrepancy. Further, more sensitive searches for the Zµ as a vector mediator of Dark
Matter production, LFV µ− τ conversion and millicharged particles are also planned. Finally, the
program includes probing Dark Sector with π,K beams, by looking for invisible
decays π0, η, η′,K0

S ,K
0
L → invisible of neutral mesons, which is complementary to the current

CERN program in the kaon sector.

Primary author: THE NA64 COLLABORATION

Track Classification: Dark matter and dark sector (accelerator and non-accelerator dark
matter, dark photons, hidden sector, axions)
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The Belle II experiment at SuperKEKB: input to the
European Particle Physics Strategy (update

2018-2020)

In the present document we outline some reflections related to the next mid-term particle physics
strategy: the need for complementary approach among various frontiers in searches and interpre-
tations of NP; an experimental initiative in the aforementioned efforts, especially after the Higgs
boson discovery at the LHC; the specific advantages of e+e− over hadron colliders; and the com-
plementarity within the existing experiments at the intensity frontier. We present arguments on
the scientific importance of activity of a significant part of the European high-energy physics com-
munity at the Belle II experiment at KEK, Tsukuba, Japan.

Primary authors: Prof. GOLOB, Bostjan (Univ. of Ljubljana & JSI); BELLE II COLLABORA-
TION

Track Classification: Flavour Physics and CP violation (quarks, charged leptons and rare
processes)
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The SHiP experiment at the SPS Beam Dump Facility

The SHiP Collaboration has proposed a general purpose experimental facility
at the CERN SPS accelerator to search for feebly interacting GeV-scale particles.
SHiP complements the world-wide program of New Physics searches by covering a large
region of parameter space which cannot be addressed by other experiments.
The SHiP detector is sensitive both to decay and scattering signatures of models
with heavy neutral leptons, dark photons, dark scalars, light dark matter and
other super-weakly interacting particles. In addition, SHiP can perform
unprecedented measurements with tau neutrinos and neutrino-induced charm production.
Following the continued development since the Technical Proposal submitted in 2015,
this paper is a comprehensive overview of the re-optimized SHiP spectrometers and
the improved physics performance.

Primary author: SHIP COLLABORATION

Track Classification: Dark matter and dark sector (accelerator and non-accelerator dark
matter, dark photons, hidden sector, axions)

May 23, 2023 Page 10



Input to the Euro … / Report of Contributions Proposal from the NA61/SHINE C …

Contribution ID: 13 Type: not specified

Proposal from the NA61/SHINE Collaboration for the
update of the European Strategy for Particle Physics

Based on the success of the currently running program and motivated by new physics needs the
NA61/SHINE Collaboration proposes to continue the measurements of hadron and nuclear frag-
ment production properties in reactions induced by
hadron and ion beams after the CERN Long Shutdown 2 (LS2).
These measurements are requested by heavy ion, cosmic ray and neutrino communities and they
include:
(i) measurements of charm hadron production in Pb+Pb collisions for heavy ion physics to find
out how the onset of deconfinement impacts open charm and J/ψ production.
(ii) measurements of nuclear fragmentation cross section for cosmic ray physics
to study the origin of Galactic cosmic rays and evaluate the cosmic-ray background for signatures
of astrophysical dark matter
(iii) measurements of hadron production induced by proton, pion and kaon beams for neutrino
physics to improve further the precision of hadron production measurements necessary for ini-
tial neutrino flux predictions for the T2K, T2K-II, Hyper-Kamiokande, and DUNE long-baseline
neutrino oscillation experiments.

The requested measurements require a substantial detector upgrade which is planned to be exe-
cuted during the LS2 and the measurements are scheduled in the period 2021-2024.

Primary author: GAZDZICKI, Marek, for NA61/SHINE (Johann-Wolfgang-Goethe Univ. (DE))

Track Classification: Strong interactions (perturbative and non-perturbative QCD, DIS,
heavy ions)
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Complex NEVOD for multi-component
investigations of cosmic rays in the record-wide

energy range 10^10 – 10^19 eV

The wide energy range covered by the complex NEVOD is determined by a unique combination of
detectors and installations that have no analogues in the world. The energy region from few GeV
to ~ 100 GeV is covered by muon hodoscope URAGAN with an area of 46 m^2. The region from
several tens of GeV to several tens of TeV is covered by the Cherenkov water calorimeter with a
volume of 2000 m^3 with a dense lattice of quasi-spherical measuring modules. The region from ~
10^14 to 10^17 eV is covered by four installations for registration of various components of EAS.
The scintillation calibration telescope system with an area of 80 m^2 is used for registration of the
EAS in the threshold energy region (~ 10^14 eV). The NEVOD-EAS installation allows investigation
of the EAS in the energy region of 10^15 – 10^17 eV. The prototype installation PRISMA-32 of 400
m^2 and the first phase of the URAN detector with area of 2000 m^2 are intended for registration
of the neutron component over the entire area of EAS in the energy region of 10^15 – 10^16 eV.
The region of very- and ultra-high energies (10^15-10^19 eV) is covered by a coordinate-tracking
detector DECOR with a total area of 70 m^2; it is designed for the registration of muon bundles
generated in inclined EAS.
In recent years, two important results have been obtained at the complex NEVOD: a growing
excess of muons with the rise of energy in the EAS, which is not explained by existing models
(so-called “muon puzzle”) has been revealed, and a method of muonography of near-Earth space
has been developed with the purpose of the early detection of potentially dangerous phenomena
in the heliosphere, magnetosphere and the Earth’s atmosphere.
The upcoming task of the complex is solution of the “muon puzzle” by means of independent
measurements of the number of muons in the bundles in the coordinate-tracking detector and their
energy release in the Cherenkov water calorimeter. With the inclusion of new muon generation
processes, the specific energy release (per muon) will start increasing.
The scheduled upgrade of the complex NEVOD, in particular, the creation of a new co-ordinate-
tracking detector TREK with an area of 250 m^2 and the expansion of the detection system of
the Cherenkov water detector to its full volume will significantly improve the conditions and will
reduce the necessary duration of this experiment. In the field of muonography, it is planned to
develop the muon hodoscope of the new generation to create a distributed network in Russia and
Europe for the continuous monitoring of the space weather.

Primary authors: Prof. PETRUKHIN, Anatoly (MEPhI); Prof. KOKOULIN, Rostislav (MEPhI); Prof.
YASHIN, Igor (MEPhI)

Track Classification: Large experiments and projects
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Contribution of the french physics society

The French physics society and its division Champs et Particules, after a large consultation of its
members, has reached a consensus, and proposes a list of hierarchized items for the European
strategy for particle physics. It is motivated by the search of new physics and our belief that
Europe must continue playing the leading role in this domain.

Primary author: KARYOTAKIS, jean (LAPP)

Track Classification: National road maps
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Strategic R&D Programme on Technologies for
Future Experiments

Instrumentation is a key ingredient for progress in experimental high energy physics. The Exper-
imental Physics Department of CERN has defined a strategic R&D (Research and Development)
programme on technologies for future experiments. Provided the required resources can be made
available, it will start in 2020 and initially extend over five years. The selection of topics and the
established work plans are the result of a transparent and open process, which lasted 14 months
and involved several hundred of physicists and engineers at CERN and in the broader HEP com-
munity.
This R&D programme is in the tradition of previous similar initiatives, the DRDC projects in the
1990’s and the White Paper R&D programme (2008-2011) that have been instrumental in provid-
ing the technologies which are presently in use at the LHC experiments or which will be deployed
in the coming LHC upgrades (Phase-I and Phase-II). Examples of the achievements of the White
Paper R&D programme are the validation of the CMOS 130 nm technology, the GEM single mask
technique, radiation hard optical links, DC-DC converters and the CernVM file system.
The results of this new R&D programme will be building blocks, demonstrators and prototypes,
which will form the technological basis for possible new experiments and experiment upgrades
beyond the LHC Phase-II upgrades scheduled for the long shutdown LS3. These include in particu-
lar detectors at CLIC, FCC-hh and FCC-ee but also further upgrades of the LHC experiments. The
main challenges come on the hadron collider side from the very high luminosity operation, leading
to extreme pile-up, track density, radiation loads and data throughput, but also from the need for
unprecedented precision in vertexing and tracking, combined with very low material budgets and
highly granular calorimetry on the lepton collider side.
The new programme targets the primary challenges of the detectors complemented by equally
demanding challenges in the domains of electronics, mechanics, cooling, magnets and software.
A large part of the required R&D work will be carried out jointly with external groups from uni-
versities and research labs exploiting organically grown networks and relations, but also dynamic
and efficient structures like the RD50 and RD51 collaborations. For many developments, close
cooperation with industrial partners will be crucial.

Primary authors: ONNELA, Antti (CERN); CURE, Benoit (CERN); SCHMIDT, Burkhard (CERN); D’AMBROSIO,
Carmelo (CERN); JORAM, Christian (CERN); REMBSER, Christoph (CERN); GARGIULO, Corrado
(CERN); DANNHEIM, Dominik (CERN); OLIVERI, Eraldo (CERN); FACCIO, Federico (CERN); VASEY,
Francois (CERN); STEWART, Graeme (CERN); PERNEGGER, Heinz (CERN); TEN KATE, Herman
(CERN); BLOMER, Jakob (CERN); MUSA, Luciano (CERN); LINSSEN, Lucie (CERN); KRAMMER, Man-
fred (CERN); ALEKSA, Martin (CERN); CAMPBELL, Michael (CERN); DOSER, Michael (CERN); JANOT,
Patrick (CERN); RODRIGUES SIMOES MOREIRA, Paulo (CERN); MATO VILA, Pere (CERN); RIEDLER,
Petra (CERN); FARTHOUAT, Philippe (CERN); FORTY, Roger (CERN); RIEGLER, Werner (CERN)

Track Classification: Instrumentation and computing
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Status and perspectives of the neutron time-of-flight
facility n_TOF at CERN

Since the start of its operation in 2001, based on an idea of Prof. Carlo Rubbia[1], the neutron
time-of-flight facility of CERN, n_TOF, has become one of the most forefront neutron facilities in
the world for wide-energy spectrum neutron cross section measurements. Thanks to the combina-
tion of excellent neutron energy resolution and high instantaneous neutron flux available in the
two experimental areas, the second of which has been constructed in 2014, n_TOF is providing a
wealth of new data on neutron-induced reactions of interest for nuclear astrophysics, advanced
nuclear technologies and medical applications.
The unique features of the facility will continue to be exploited in the future, to perform chal-
lenging new measurements addressing the still open issues and long-standing quests in the field
of neutron physics. In this document the main characteristics of the n_TOF facility and their rele-
vance for neutron studies in the different areas of research will be outlined, addressing the possible
future contribution of n_TOF in the fields of nuclear astrophysics, nuclear technologies and medi-
cal applications. In addition, the future perspectives of the facility will be described including the
upgrade of the spallation target.

Primary author: Dr CHIAVERI, Enrico (University of Manchester)

Track Classification: Accelerator Science and Technology
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Feasibility Study for an EDM Storage Ring

This project exploits charged particles confined as a storage ring beam (proton, deuteron, possibly
3He) to search for an intrinsic electric dipole moment (EDM, d⃗) aligned along the particle spin axis.
Statistical sensitivities can approach 10−29e·cm. The challenge will be to reduce systematic errors
to similar levels. The ring will be adjusted to preserve the spin polarization, initially parallel to the
particle velocity, for times in excess of 15 minutes. Large radial electric fields, acting through the
EDM, will rotate the polarization (d⃗ × E⃗). The slow rise in the vertical polarization component,
detected through scattering from a target, signals the EDM. The project strategy is outlined. It fore-
sees a step-wise plan, starting with ongoing COSY activities that demonstrate technical feasibility.
Achievements to date include reduced polarization measurement errors, long horizontal-plane po-
larization lifetimes, and control of the polarization direction through feedback from the scattering
measurements. The project continues with a proof-of-capability measurement (precursor experi-
ment; first direct deuteron EDM measurement), an intermediate prototype ring (proof-of-principle;
demonstrator for key technologies), and finally the high precision electric-field storage ring.

Primary author: Prof. STROEHER, Hans (Forschungszentrum Juelich, Germany)

Track Classification: Accelerator Science and Technology
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The JUNO Experiment

Input to the European Particle Physics Strategy by JUNO experiment, main document and adden-
dum.

Primary author: Dr DRACOS, Marcos (Centre National de la Recherche Scientifique (FR))

Track Classification: Neutrino physics (accelerator and non-accelerator)
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PBC Conventional Beams Executive Summary

This document summarises the main conclusions of the Conventional Beams Working group,
which has analysed the beam related and technical requirements and requests in the proposals
to the Physics Beyond Colliders study for the North Area at the CERN SPS. We present results
from studies on feasibility, requirements, compatibility between proposals and, where possible,
the order of magnitude of the costs. The physics interest, sensitivity reach and competitiveness
world wide of the proposals is discussed in the BSM and QCD physics working groups, which
work in synergy with the Conventional Beams group.

Primary authors: GATIGNON, Lau (CERN); BANERJEE, Dipanwita (Univ. Illinois at Urbana Cham-
paign (US)); BERNHARD, Johannes (CERN); BRUGGER, Markus (CERN); CHARITONIDIS, Nikolaos
(CERN); D’ALESSANDRO, Gian Luigi (University of London (GB)); DOBLE, Niels (INFN Sezione di Pisa,
Universita’ e Scuola Normale Superiore, P); VAN DIJK, Maarten (CERN); GERBERSHAGEN, Alexander
(CERN); MONTBARBON, Eva (CERN); ROSENTHAL, Marcel (CERN)

Track Classification: Accelerator Science and Technology
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Initial contribution of the INFN Hadron Physics
Community

INFN has a strong tradition in high-energy hadron physics, both in the heavy-ion sector and in the
deep-inelastic-scattering sector, with important participation in international programmes, that
also include relevant and specific contributions in terms of dedicated detectors. In this context, it
is recognized that high centre-of-mass energy is a fundamental handle for the future investigation:
at higher energy, wider and novel kinematical phase-space regions become reachable offering an
enlarged panorama of complementary phenomenological views.
The high-energy opportunities in hadron physics of interest for the dedicated INFN community
are considered. They include perspectives for further investigations with ALICE at the upgraded
LHC complemented by measurements at SPS and novel opportunities with electron-ion colliders.

Primary author: TAIUTI, Mauro (University of Genova, INFN)

Track Classification: Strong interactions (perturbative and non-perturbative QCD, DIS,
heavy ions)
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Communicating particle physics matters

Public and political support for particle physics is essential for sustaining the long-term future of
the field - whether this is for attracting young people into STEM careers, gaining support from
local communities for building new experiments, or for securing government funding for new and
existing experiments. The importance of communicating particle physics has long been recognised
by the discipline, with significant effort invested over many years by institutions and individuals
to inspire and involve young people and adults. The current European Strategy for Particle Physics
emphasises that sharing the excitement of scientific discoveries with the public is part of the duty
of researchers, and recommends that communication and outreach in particle physics should re-
ceive adequate funding and be recognised as a central component of the scientific activity. This
submission stresses the need for the next version of the Strategy to expand on the recommendation
[1] from the previous version as follows:

1) “Outreach and communication in particle physics should receive ad-
equate funding and be recognised as a central component of the scientific
activity”
across all European countries. Professional communication teams should
be in place, to ensure that increasing visibility and enhancing reputation are
always included in any communication activity.

In addition, we make the following recommendations to:

2) Maintain and support effective networks of professional communica-
tions staff to plan and deliver communications activities strategically, effec-
tively and in a coordinatedmanner, making use of new tools and techniques,
and sharing best practice;

3)Demonstrate to thewidest possible audiences the societal and economic
benefits arising from current and historic investment in particle physics us-
ing appropriate metrics;

4) Play a positive role in promoting equality, diversity and inclusion in
particle physics through the coordinated planning and delivery of specific
communications campaigns,materials and activities that also target new and
underserved audiences across Europe and beyond.

This document also discusses the current and future challenges that particle physics communica-
tors face; notably the pace of change in social media tools and channels, the speed of dissemination
of good news, bad news and rumours, the need to maintain trust and transparency, and the com-
plexities of maintaining media interest until the next big discovery. A significant challenge is the
decline in dedicated science journalism within the mainstream media. All of these issues require a
network of professional science communicators to work together, sharing best practice to achieve
our common goals. The overall goals of our communication strategy are to ensure the long-term
future for particle physics and fundamental research, and to share new discoveries and the process
of extending human knowledge with the wider society.

[1] See https://cds.cern.ch/record/1567258/files/esc-e-106.pdf, page 3 n)

Primary authors: ROYOLE-DEGIEUX, Perrine (CNRS); MARSOLLIER, Arnaud (CERN); THE
EUROPEAN PARTICLE PHYSICS COMMUNICATION NETWORK (EPPCN), WITH SUPPORT OF THE
INTERACTIONS COLLABORATION
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THE BIENNIAL AFRICAN SCHOOL ON
FUNDAMENTAL PHYSICS AND APPLICATIONS

We have established a biennial school in Africa, on fundamental physics and its applications (ASP).
We find that fundamental physics provides excellent motivation for students of science. The aim
of the school is to build capacity to harvest, interpret, and exploit the results of current and future
physics experiments and to increase proficiency in related applications. The school is based on a
close interplay between theoretical, experimental, and applied physics. The participating students
are selected from all over Africa. The school also offers a workshop to train high school teachers, an
outreach to motivate high school pupils and a physics conference to support a broader participation
of African research faculties. The duration of the school allows for networking–interactions among
the participants. Support for the school comes from institutes in Africa, Europe, USA and Asia. The
first school took place in Stellenbosch, South Africa on August 1–21 2010, the second edition in
Kumasi, Ghana on July 15-August 8 2012, the third edition in Dakar Senegal on August 3–23 2014,
the fourth biennial school at the University of Rwanda on August 1–19 2016, and the fifth edition
in Namibia on June 24–July 14 2018. The next edition of the school is planned in 2020 in Morocco.
In this proposal, we discuss strategies to make the school sustainable and call for support from the
international community. We consider access and participation in fundamental science to be an
important right. Through this work, it is hoped that the community of scientists who are at the
forefront of science is enhanced and diversified thus fulfilling the mission of international research
and education institutes.

Primary authors: Dr ASSAMAGAN, Ketevi Adikle (Brookhaven National Laboratory (US)); DI-
WAN, Milind Vaman (Brookhaven National Laboratory (US))

Track Classification: Other (communication, outreach, strategy process, technology trans-
fer, individual contributions,…)
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Charged Lepton Flavour Violation using Intense
Muon Beams at Future Facilities

Charged-lepton flavour-violating (cLFV) processes offer deep probes for new physics with discov-
ery sensitivity to a broad array of new physics models — SUSY, Higgs Doublets, Extra Dimensions,
and, particularly, models explaining the neutrino mass hierarchy and the matter-antimatter asym-
metry of the universe via leptogenesis. The most sensitive probes of cLFV utilize high-intensity
muon beams to search for μ → e transitions.
We summarize the status of muon-cLFV experiments currently under construction at PSI, Fermilab,
and J-PARC. These experiments offer sensitivity to effective new physics mass scales approaching
calO(104) TeV/c2. Further improvements are possible and next-generation experiments, using up-
graded accelerator facilities at PSI, Fermilab, and J-PARC, could begin data taking within the next
decade. In the case of discoveries at the LHC, they could distinguish among alternative models;
even in the absence of direct discoveries, they could establish new physics. These experiments
both complement and extend the searches at the LHC.
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Initial INFN input on the update of the European
Strategy for Particle Physics

This document contains some initial input from INFN to the update of the European Strategy for
Particle Physics. It does not aim at providing a comprehensive overview of the INFN position
on all the relevant aspects of the Strategy: this will be defined with the other actors all along the
update process, from the Open Symposium of May 2019 to the Strategy Drafting Session of January
2020. It aims instead at emphasizing the INFN position on three key issues that according to INFN
deserve special attention:
• An ambitious post-LHC accelerator project at CERN
• The relation between CERN and AstroParticle Physics
• The CERN laboratory and the laboratories in the Member States

The content of this document takes into account the information presented and the extensive dis-
cussions held at a National INFN “Town Meeting”, which took place in Rome on 6-7 September
2018: https://agenda.infn.it/conferenceOtherViews.py?view=standard&confId=15968
Independent and more detailed input is being submitted by some of the National INFN Scientific
Committees and Laboratories, in particular CSN1 (Particle Physics), CSN2 (AstroParticle Physics),
CSN3 (Hadronic Physics), C3S (Physics and Computing) and LNF (Frascati).

Primary authors: ZOCCOLI, Antonio (INFN Executive Board); ZWIRNER, Fabio (INFN Executive
Board)
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The International Axion Observatory (IAXO): case,
status and plans. Input to the European Strategy for

Particle Physics

The International Axion Observatory (IAXO) is a next-generation axion helioscope that will search
for solar axions with unprecedented sensitivity. IAXO has a unique position in the international
landscape of axion experiments, with sensitivity to a region of the axion parameter space that no
other experiment can access. In particular, it will explore QCD axion models in the meV to eV
mass range, encompassing models hinted by astrophysics, and potentially also axion dark matter
models. IAXO relies on proven solutions and technologies, as well as on the 15-year-long experi-
ence with CAST. An intermediate demonstration prototype, BabyIAXO, will further mitigate risk
and produce first physics. BabyIAXO is under review now at DESY and will be built and operated
in the coming few years, while preparing the ground for IAXO. The scale of IAXO surpasses the
traditionally small size of axion experiments and thus requires consideration in the context of the
European Strategy.
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REDTOP: Rare Eta Decays with a TPC for Optical
Photons

The REDTOP experiment is primarily intended to look for new violations of
the basic symmetries. It aims to improve the sensitivity level of key physics conservation laws by
several orders of magnitude beyond those of previous experiments. In doing so, it will open door-
ways for possible Physics Beyond the Standard Model including dark matter and energy, and/or
new forces. The REDTOP measurements will focus on rare decays of the η and η’ mesons produced
by proton beams of a few GeV energy and high intensity. Physics BSM is searched mainly in the
decay products of the η and η’ mesons.

Primary author: Dr GATTO, Corrado (Isituto Nazionale di Fisica Nucleare and Northern Illinois
University)
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CEPC Input to the ESPP 2018 - Physics and Detector

The Higgs boson, discovered in 2012 by the ATLAS and CMS Collaborations at the Large Hadron
Collider (LHC), plays a central role in the Standard Model. Measuring its properties precisely will
advance our understandings of some of the most important questions in particle physics, such as
the naturalness of the electroweak scale and the nature of the electroweak phase transition. The
Higgs boson could also be a window for exploring new physics, such as dark matter and its asso-
ciated dark sector, heavy sterile neutrino, et al. The Circular Electron Positron Collider (CEPC),
proposed by the Chinese High Energy community in 2012, is designed to run at a center-of-mass
energy of 240 GeV as a Higgs factory. With about one million Higgs bosons produced, many of
the major Higgs boson couplings can be measured with precisions about one order of magnitude
better than those achievable at the High Luminosity-LHC. The CEPC is also designed to run at
the Z-pole and the W pair production threshold, creating close to one trillion Z bosons and 100
million W bosons. It is projected to improve the precisions of many of the electroweak observables
by about one order of magnitude or more. These measurements are complementary to the Higgs
boson coupling measurements. The CEPC also offers excellent opportunities for searching for rare
decays of the Higgs, W, and Z bosons. The large quantities of bottom-quarks, charm-quarks, and
tau leptons produced from the decays of the Z bosons are interesting for flavor physics. The clean
collision environment also makes the CEPC an ideal facility to perform precision QCD measure-
ments. Several detector concepts have been proposed for the CEPC. Dedicated simulation and
R&D program confirm these concepts can fulfill the CEPC physics requirements.
In this document, we provide a brief summary of the physics potential and the detector design
concepts, both of which are laid out in detail in the Conceptual Design Report (CDR) released in
November 2018. We also outline future directions and challenges. In the Addendum, we briefly
describe the planning and the international organization of the CEPC. The next step for the CEPC
team is to perform detailed technical design studies. Effective international collaboration would be
crucial at this stage. This submission for consideration by the ESPP is part of our dedicated effort
in seeking international collaboration and support. Given the importance of the precision Higgs
boson measurements, the ongoing CEPC activities do not diminish our interests in participating
in the international collaborations of other future electron-positron collider based Higgs factories.
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Large-scale neutrino detectors: input for the 2020
update of the European Strategy for Particle Physics

from the Institute for Nuclear Research of the
Russian Academy of Sciences

We propose a multi-purpose neutrino observatory comprising two very large detectors solving
different problems at the intersection of particle physics, astrophysics and Earth science. Baikal-
GVD will work jointly with KM3NET and IceCube in the Global Neutrino Network, aiming at the
detection and study of high-energy astrophysical neutrinos. The new Baksan neutrino telescope
(NBNT) will inherit from its smaller precursor, Borexino, but will become the only large-scale neu-
trino detector geographically located in Europe. Thanks to the unique low-background conditions
at Baksan, determined by a combination of depth and of location far from artificial nuclear reac-
tors, it will be the best instrument in the world to measure the CNO solar neutrino flux, at the
same time addressing a wide range of other problems.
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Input from the Spanish Particle Physics Community

Input to the update of the European Strategy for Particle Physics provided by the Spanish Scientific
Particle Physics community. It contains two files, the main document plus an addendum

Primary author: RODRIGO, Teresa (IFCA)

Track Classification: National road maps

May 23, 2023 Page 29



Input to the Euro … / Report of Contributions Statement by the German Particle …

Contribution ID: 33 Type: not specified

Statement by the German Particle Physics
Community as Input to the Update of the European

Strategy for Particle Physics

The German Committee for Particle Physics (KET), arranged, jointly with the German Committees
for astroparticle physics (KAT) and for hadronic and nuclear physics (KHuK), a series of workshops
to discuss status and future plans of particle physics and neighbouring fields. KET has extracted
central statements and strategic proposals from the joint declaration and hereby submits them to
the 2020 update of the European Strategy for Particle Physics.
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Israeli Input to the European Strategy for Particle
Physics

European Strategy for Particle Physics, Israeli Input

Steering committee
Z. Citron, Y. Kats (BGU), E. Kuflik (HU), L. Barak, T. Volansky (TAU), E. Kajomovitz, Y. Shadmi
(Technion), S. Bressler, G. Perez (WIS, coordinator)

The enclosed document is based on a compilation of theoretical concepts and experimental meth-
ods solicited from the Israeli community by a steering committee with representatives from all
the high-energy-physics (HEP) groups in Israel. An important component of this process was
a national town-hall meeting, with presentations and status reports on the diverse experimental
activity and future proposals that are pursued by various Israeli groups followed by an open dis-
cussion. A preliminary version of this report was discussed at the meeting and comments from the
Israeli HEP community at large were received and impacted the document in an essential manner.
The document is rather concise, less than 4 pages, and should be read as a whole.

Primary authors: PEREZ, Gilad (CERN & Weizmann); BRESSLER, Shikma (Weizmann Insti-
tute of Science (IL)); CITRON, Zvi (Ben-Gurion University of the Negev (IL)); KUFLIK, Eric (He-
brew University of Jerusalem); SHADMI, Yael (Technion); KAJOMOVITZ MUST, Enrique (Depart-
ment of Physics); KATS, Yevgeny (Ben-Gurion University); VOLANSKY, Tomer (Tel Aviv University
(IL)); BARAK, Liron (Tel Aviv University)

Track Classification: National road maps

May 23, 2023 Page 31



Input to the Euro … / Report of Contributions AWAKE: On the path to Particle P …

Contribution ID: 35 Type: not specified

AWAKE: On the path to Particle Physics Applications

Proton-driven plasma wakefield acceleration allows the transfer of energy from a proton bunch to
a trailing bunch of particles, the ‘witness’ particles, via plasma electrons. The AWAKE experiment
at CERN is pursuing a demonstration of this scheme using bunches of protons from the CERN
SPS. Assuming continued success of the AWAKE program, high energy electron or muon beams
will become available, opening up an extensive array of future particle physics projects from beam
dump searches for new weakly interacting particles such as Dark Photons, to fixed target physics
programs, to energy frontier electron-proton, electron-ion, electron-positron and muon colliders.
The time is right for the particle physics community to offer strong support to the pursuit of this
new technology as it will open up new avenues for high energy particle physics.
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Dark Sector Physics with a Primary Electron Beam
Facility at CERN

This input is a summary of an Expression of Interest (SPSC-EOI-018) submitted to the CERN Sci-
entific Committee for the SPS accelerator, SPSC.

A primary electron beam facility is proposed with the main motivations being (i) dark sector exper-
iments, and (ii) to enable a suite of development projects in acceleration technology. The facility
would deliver a beam to a Light Dark Matter eXperiment, LDMX, which could probe thermal dark
matter over a majority of the viable sub-GeV mass range. LDMX can achieve orders of magnitude
better sensitivity than any previous or currently envisioned experiment. LDMX uses missing mo-
mentum to search for dark matter produced via dark bremsstrahlung from in the interaction of
electrons in a thin target. This requires a low-current, high repetition-rate electron beam, with
optimal energy of ∼ 16 GeV. We propose to create this electron beam at CERN by restoring the
SPS’s electron acceleration capability.

The proposed facility would also strengthen the CERN accelerator R&D programme. This is desir-
able on general grounds, but even more-so now when there is some uncertainty about the optimal
next step for CERN’s future main accelerator.

Primary authors: AKESSON, Torsten (Lund University (SE)); STAPNES, Steinar (CERN)
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Future of Heavy Ion Physics at Colliders

the Germany ALICE community points out a future direction with a new nearly massless detector

Primary author: Prof. STACHEL, Johanna (Heidelberg University)

Track Classification: Strong interactions (perturbative and non-perturbative QCD, DIS,
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COMET

The search for charged lepton flavour violation (CLFV) has an enormous discovery potential in
probing new physics Beyond the Standard Model (BSM). The observation of a CLFV transition
would be an undeniable sign of the presence of BSM physics which goes beyond non-zero masses
for neutrinos. Furthermore, CLFV measurements can provide a way to distinguish between differ-
ent BSM models, which may not be possible through other means. So far muonic CLFV processes
have the best experimental sensitivity because of the huge number of muons which can be pro-
duced at several facilities world-wide. In coming years new muon beam-lines will be built, leading
to several orders of magnitude increase in beam intensity. Among muonic CLFV processes, µ→ e
conversion is one of the most important processes, having several advantages compared to other
such processes.

We describe the COMET experiment, which is searching for µ → e conversion in a muonic atom
at the J-PARC proton accelerator laboratory in Japan. The COMET experiment has taken a staged
approach; the first stage, COMET Phase-I, is currently under construction at J-PARC, and is aiming
at a factor 100 improvement over the current limit. The second stage, COMET Phase-II is seeking
another 100 improvement (a total of 10,000), allowing a single event sensitivity (SES) of 2.6×10−17

with 2 × 107 seconds of data-taking. Further improvements by one order of magnitude, from
refinements to the experimental design and operation are being considered within the beam power
and the beam time as originally assumed. Such a sensitivity could be translated into probing many
new physics constructions up to O(104) TeV energy scales, which would go far beyond the level
that can be reached directly by collider experiments. The search for CLFV µ → e conversion is
thus highly complementary to BSM searches at the LHC.
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EPIC: Exploiting the Potential of ISOLDE at CERN

The user’s community of ISOLDE, CERN’s radioactive ion beam (RIB) facility, has been steadily
growing in the last 10-15 years, thanks to the increasing range of research fields that opened up
when post-accelerated radioactive beams and more isotopes became available. The demand for
beam time therefore outnumbers the current production capabilities. The EPIC project takes full
advantage of the recent upgrades at CERN, driven by the LHC Injectors Upgrade (LIU). In partic-
ular, the new Linac4 with its higher proton currents and the PS booster with its higher proton
beam energies allow expanding the scope of ISOLDE. With a higher proton beam intensity and
energy impinging on the ISOLDE target stations, significantly higher radioactive beam intensities
are achieved. Additionally, this higher proton current can be divided among two target stations,
constructed in such a way that parallel radioactive beams can be delivered to the many low energy
(40-60 keV) and high-energy (1-10 MeV/nucleon from HIE-ISOLDE) radioactive beam experiments.
This will allow doubling the amount of beam time, which is highly demanded by the continuously
growing ISOLDE user’s community. Furthermore, ISOLDE aims at attracting new users to take
even more advantage of the increased beam time, by constructing a storage ring behind the HIE-
ISOLDE post-accelerator. Thus, stored cooled exotic beams from light up to heavy short-lived
isotopes will be available and open up new possibilities in the fields of astrophysics, fundamen-
tal symmetry studies, atomic physics and nuclear physics. All of these upgrades guarantee that
ISOLDE remains a unique facility in Europe and even in the world, as nowhere else a proton driver
with these properties is available for producing a very wide range of radioactive isotopes, nor is
there a facility that has (or plans) a low-energy storage ring for short-lived isotopes, allowing
unique experiments in diverse fields.
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Input of Nuclear Physics Section, Division of
Physical Sciences of the Russian Academy of Sciences

to European Strategy for Particle Physics Update

See attached file
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Further searches of the Higgs scalar sector

Recent decades have witnessed remarkable confirmations of the Standard Model (SM) describing
the Electro-Weak and Strong Interactions. The experimental discovery of the Higgs boson Ho at
the CERN/LHC has crowned a success of the SM and calls for further studies on this newly ob-
served sector. New and more precise activities are needed in order to extend more precisely this
new discovery within Particle Physics. Like for the previous Zo studies, additional projects using
leptons rather than hadrons should be investigated.
The presently described (µ+ µ-) initiated cross section is greatly enhanced with respect to the one
with (e+ e-), since Ho particle is a scalar and therefore the leptons pair coupling is proportional
to the square of the lepton mass. The µ+µ- Collider is preferable to the other proposed huge e+e-
future options because of its much smaller dimensions and cost and since it may easily fit within
one of the already existing European sites. However it requires the success of a substantial R&D
in order to convincingly produce the adequate accumulation and cooling in 6D phase space of the
muon beams.
High intensity bunches from a negative H- source are converted into protons, producing secondary
particles (mostly π±). The π’s decay to μ’s and the μ’s are captured, bunched, cooled and acceler-
ated in a storage ring to produce an appropriate rate of high energy muon collisions.
The (µ+µ-) Collider is primarily concentrated on the optimal scenario offered by further develop-
ments of the European Spallation Source (ESS) already under construction in the Lund site as the
most intense future source of spallation neutrons.
Two configurations are described: the Higgs mass s-channel resonance at √ s = 125.5 GeV to study
with very small backgrounds the many Ho decay modes with L ≈ 1032 cm-2 s-1 and the higher en-
ergy Collider with L ≈ 1034 cm-2 s-1at √ s = 500 GeV to study the other main Ho related processes
of the scalar sector.
As a preliminary part of the program, cooling should be experimentally studied in the µ+µ- ring
configuration with the much cheaper and simpler Initial Cooling Experiment. Several European
laboratories, like for instance in the UK, Switzerland, France, CERN or Sweden (Lund) could be
considered as possible locations of this initial program.
Provided muon cooling has been experimentally verified in its many aspects, the subsequent real-
ization of the full scale µ+µ- Collider program may be carried out for instance at the laboratory of
the European Spallation Source (ESS) with the help of several conventional accelerator technolo-
gies of reasonable dimensions.
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The Physics Beyond Colliders Study at CERN

The Physics Beyond Colliders (PBC) study was mandated by the CERN Management
in 2016 in order to prepare the next update of the European Strategy
for Particle Physics. The present document reproduces the PBC mandate,
presents the organization of the PBC activities and quotes the executive summary
of the PBC summary report. The full summary report is appended as
addendum.
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Research Plans of the Norwegian Particle,
Astroparticle and Nuclear Physics Communities till

2025

Norwegian particle physics, heavy-ion physics, nuclear physics, astroparticle physics, particle,
astroparticle and cosmology theory present their research program for the next period of the Eu-
ropean Strategy Update.
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HFLAV input to the update of the European Strategy
for Particle Physics

The Heavy Flavor Averaging Group provides with this document input to the European Strategy
for Particle Physics. Research in heavy-flavor physics is an essential component of the particle-
physics program, both within and beyond the Standard Model. To fully realize the potential of the
field, we believe the strategy should include strong support for the ongoing experimental and the-
oretical heavy-flavor research, future upgrades of existing facilities, and significant heavy-flavor
capabilities at future colliders, including dedicated experiments.
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(Polish Academy of Sciences (PL)); CHRZASZCZ, Marcin (CERN); DINGFELDER, Jochen Christian
(University of Bonn (DE)); EGEDE, Ulrik (Imperial College (GB)); GERSABECK, Marco (University of
Manchester (GB)); GERSHON, Timothy (University of Warwick (GB)); GOLDENZWEIG, Pablo (KIT
- Karlsruhe Institute of Technology (DE)); Dr HAYASAKA, Kiyoshi (Niigata University); HAYASHII,
Hisaki (Nara Women’s University); JOHNSON, Daniel (CERN); KENZIE, Matthew William (Univer-
sity of Cambridge (GB)); KUHR, Thomas; LEROY, Olivier (Aix Marseille Univ, CNRS/IN2P3, CPPM,
Marseille, France); LI, Hai-Bo (IHEP); LUSIANI, Alberto (Scuola Normale Superiore and INFN, sezione
di Pisa); MIYABAYASHI, Kenkichi (Nara Women’s University); NAIK, Paras (University of Bristol
(GB)); NANUT, Tara (EPFL - Ecole Polytechnique Federale Lausanne (CH)); PATEL, Mitesh (Impe-
rial College (GB)); POMPILI, Alexis (Universita e INFN, Bari (IT)); RAMA, Matteo (Universita &
INFN Pisa (IT)); VAN KOOTEN, Rick (Indiana University (US)); ROTONDO, Marcello (INFN e Labo-
ratori Nazionali di Frascati (IT)); SCHNEIDER, Olivier (EPFL - Ecole Polytechnique Federale Lausanne
(CH)); SCHWANDA, Christoph (Austrian Academy of Sciences (AT)); Prof. SCHWARTZ, Alan (Uni-
versity of Cincinnati (US)); SHWARTZ, Boris (Budker Institute of Nuclear Physics, Novosibirsk); SER-
RANO, Justine (CPPM, Aix-Marseille Université, CNRS/IN2P3, Marseille, France); SOFFER, Abi (Tel
Aviv University (IL)); TONELLI, Diego (INFN Trieste, Italy); URQUIJO, Phillip (University of Melbourne
(AU)); VAN KOOTEN, Rick (Physics Department-Indiana University-Unknown); YELTON, John Martin
(University of Florida (US))

Track Classification: Flavour Physics and CP violation (quarks, charged leptons and rare
processes)

May 23, 2023 Page 41



Input to the Euro … / Report of Contributions Future Opportunities in …

Contribution ID: 45 Type: not specified

Future Opportunities in Accelerator-based Neutrino
Physics

This document summarizes the conclusions of the Neutrino Town Meeting held at CERN in Octo-
ber 2018 to review the neutrino field at large with the aim of defining a strategy for accelerator-
based neutrino physics in Europe. The importance of the field across its many complementary
components is stressed. Recommendations are presented regarding the accelerator based neu-
trino physics, pertinent to the European Strategy for Particle Physics. We address in particular i)
the role of CERN and its neutrino platform, ii) the importance of ancillary neutrino cross-section
experiments, and iii) the capability of fixed target experiments as well as present and future high
energy colliders to search for the possible manifestations of neutrino mass generation mechanisms.
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Heavy-flavour production in relativistic heavy-ion
collisions and development of novel generation of
extra-low-material-budget Vertex Detectors for

future experiments at CERN and JINR

One of the key requirements to be met by the future experimental installations
like ALICE is to increase the accuracy of secondary vertices reconstruction in order to
meet the challenging task of high precision studies in relativistic heavy-ion collisions of
such rare processes like heavy-flavour production. This task requires the further reduction
of the existing values of material budget of the Inner Tracking System and it is one of the
main goals of the ALICE upgrade during the Long Shutdown 3 (LS3) in the period 2023-
2024. The Inner Tracking System (ITS2) – the main vertex detector of ALICE – already
has the record level of 0.3% radiation length (X/Xo) per layer. The new task is the
development of a new high granularity fast detector which will be capable to ensure
X/Xo below of 0.05% per layer. This challenge of development of high precision Vertex
Detector is relevant not only to ALICE but to all experimental HEP installations both in
Europe and Russia.
The proposal of the ALICE/ITS Collaboration, aimed at the R&D of the Ultra
Lightweight Vertex Detector for the future ITS3 to be installed after the LS3, was
developed recently and the Saint-Petersburg State University team is one of the
participants. This Ultra Lightweight Vertex Detector will consist of ultra-thin (~20 m)
silicon sensors with MAPS technology, arranged in perfectly cylindrical layers, featuring
an unprecedented low material budget of 0.05% X0 per layer. The given task is also
paving the way for the construction of a new all-silicon tracker with unprecedented low
mass, that would allow reaching down to an ultra-soft region of the phase space and to
measure the production of very-low transverse momentum lepton pairs, photons and
hadrons at the LHC after Long Shutdown 4 (LS4). Among the real strong challenges to
be met are the design and development of the extra-lightweight, state-of-the-art support
structures capable to ensure the high level of thermo- and mechanical- stability of the
large arrays (of many square meters) of these ultra-thin silicon sensors. Another
challenge is the efficient, very low speed, gas cooling system that will provide the
functionality of these MAPS sensors.
The implementation of these advanced detector and carbon fiber composite
technologies to the vertex trackers will also expand considerably the heavy-flavour
research physics programs at the fixed-target NA61/SHINE at the SPS, during the LS2 in
2019-2021, and to the future BM@N, MPD and SPD experiments at NICA collider at
JINR.
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Physics opportunities for a fixed-target programme
in the ALICE experiment

A fixed-target programme in the ALICE experiment using the LHC proton and lead beams offers
many physics opportunities related to the parton content of the nucleon and nucleus at high-x, the
nucleon spin and the Quark-Gluon Plasma. We investigate two solutions that would allow ALICE
to run in a fixed-target mode: the internal solid target coupled to a bent crystal and the internal
gas target. The feasibility of these solutions are being studied for a possible installation at the LHC
interaction point IP2 during the Long Shutdown 3.
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Conclusions of the Town Meeting: Relativistic Heavy
Ion Collisions

This text summaries the consensus view of the scientific community on priorities in the field of rel-
ativistic heavy ion collisions, as expressed by the 421 registered participants of the Town Meeting
held on 24 October 2018 at CERN.
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Precision experiments at electron-positron collider
Super Charm-Tau Factory

This document describes research program of Budker INP (Novosibirsk) on high energy physics for
the next two decades based on the flagship project of the electron-positron collider Super Charm-
Tau (SCT) factory. The SCT factory is designed to operate in the center-of-mass energy range
from 2 to 6 GeV with peak luminosity of 10**35 cm-2s−1 above 4 GeV. Longitudinal polarization
of the electron beam at the interaction region enhances the collider discovery potential. The facil-
ity, equipped with a state-of-the-art universal particle detector, allows precision measurements of
decays of tau lepton and hadrons formed by quarks of the two first generations.

Primary authors: BONDAR, Alex (Budker Institute of Nuclear Physics (RU)); TIKHONOV, Iouri
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Particle physics applications of the AWAKE
acceleration scheme

The AWAKE experiment had a very successful Run 1 (2016-8), demonstrating proton-driven plasma
wakefield acceleration for the first time, through the observation of the modulation of a long proton
bunch into micro-bunches and the acceleration of electrons up to 2 GeV in 10 m of plasma. The
aims of AWAKE Run 2 (2021-4) are to have high-charge bunches of electrons accelerated to high
energy, about 10 GeV, maintaining beam quality through the plasma and showing that the process
is scalable. The AWAKE scheme is therefore a promising method to accelerate electrons to high
energy over short distances and so develop a useable technology for particle physics experiments.
Using proton bunches from the SPS, the acceleration of electron bunches up to about 50 GeV should
be possible. Using the LHC proton bunches to drive wakefields could lead to multi-TeV electron
bunches, e.g. with 3 TeV acceleration achieved in 4 km of plasma. This document outlines some of
the applications of the AWAKE scheme to particle physics and shows that the AWAKE technology
could lead to unique facilities and experiments that would otherwise not be possible. In particular,
experiments are proposed to search for dark photons, measure strong field QED and investigate
new physics in electron-proton collisions. The community is also invited to consider applications
for electron beams up to the TeV scale.
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CEPC Input to the ESPP 2018 -Accelerator

Executive summary
The discovery of the Higgs boson at CERN’s Large Hadron Collider (LHC) in July
2012 raised new opportunities for a large-scale accelerator. Due to the low mass of the
Higgs, it is possible to produce it in the relatively clean environment of a circular electron–positron
collider with reasonable luminosity, technology, cost and power consumption. The Higgs boson
is a crucial cornerstone of the Standard Model (SM). It is at the center of some of its biggest mys-
teries, such as the large hierarchy between the weak scale and the Planck scale, the nature of
the electroweak phase transition, and many other related questions. Precise measurements of the
properties of the Higgs boson serve as excellent tests of the underlying fundamental physics prin-
ciples of the SM, and they are instrumental in explorations beyond the SM. In September 2012,
Chinese scientists proposed a 240 GeV Circular Electron Positron Collider (CEPC), serving two
large detectors for Higgs studies. The tunnel for such a machine could also host a Super Proton
Proton Collider (SPPC) to reach energies beyond the LHC.
The CEPC is a large international scientific project initiated and hosted by China. It
was presented for the first time to the international community at the ICFA Workshop
“Accelerators for a Higgs Factory: Linear vs. Circular” (HF2012) in November 2012 at Fermilab.
A Preliminary Conceptual Design Report (Pre-CDR, the White Report)[1]was published in March
2015, followed by a Progress Report (the Yellow Report)[2] in April 2017, where CEPC accelera-
tor baseline choice was made. The Conceptual Design Report (CEPC Accelerator CDR, the Blue
Report) [3]has been completed in July 2018 by hundreds of scientists and engineers after interna-
tional review from June 28-30, 2018 and formally released on Sept 2, 2018.
The CEPC is a circular e+e- collider located in a 100-km circumference tunnel beneath the ground.
The accelerator complex consists of a linear accelerator (Linac), a damping ring (DR), the Booster,
the Collider and several transfer lines. In the tunnel, space is reserved for a future pp collider,
SPPC. The center-of-mass energy of the CEPC is set at 240 GeV, and at that collision energy CEPC
will serve as a Higgs factory, generating more than one million Higgs particles. The design also
allows for operation at 91 GeV as a Z factory and at 160 GeV as a W factory. The number of Z
particles produced will be close to one trillion, and W+W-pairs close to 20 million. The heart of
the CEPC is a double-ring collider (except at SCRF region, where electron and positron use com-
mon beam pipe). Electron and positron beams circulate in opposite directions in separate beam
pipes but with the common SCRF system. They collide at two interaction points (IPs), where large
detectors as described in detail in the CDR (Volume II) are located. The CEPC Booster is located
in the same tunnel above the Collider. It is a synchrotron with a 10 GeV injection energy and
extraction energy equal to the beam collision energy. The repetition cycle is 10 seconds. Top-up
injection will be used to maintain constant luminosity. The 10 GeV Linac, injector to the Booster,
built at ground level, accelerates both electrons and positrons. A 1.1 GeV damping ring reduces the
positron emittance. Transport lines made of permanent magnets connect the Linac to the Booster.
The tunnel size is large enough to accommodate the future SPPC without removing the CEPC col-
lider ring. This opens up the exciting possibilities of ep and e-ion physics in addition to ee physics
(CEPC) and pp and ion-ion physics (SPPC). In addition to particle physics, the Collider can operate
simultaneously as a powerful synchrotron radiation (SR) light source. It will extend the usable
SR spectrum into an unprecedented energy and brightness range. Two gamma-ray beamlines are
included in the design. The circulating CEPC beams radiate large amount of SR power, 30 MW
per beam. Reducing power consumption is an important criterion in the design. By using super-
conducting radio frequency (SCRF) cavities, high efficiency klystrons, 2-in-1 magnets, combined
function magnets, large coil cross-section in the quadrupoles, the total facility power consump-
tion is kept below 300 MW. The power conversion efficiency from the grid to the beam will be
more than 20%, higher than other accelerator facilities. Prior to the construction will be a five-
year R&D period (2018-2022). During this period, prototypes of key technical components will
be built and infrastructure established for industrialization for manufacturing the large number of
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required components. There are numerous considerations in choosing the site. At this moment
six sites have been considered and they all satisfy the technical requirements. A detailed cost es-
timate based on a Work Breakdown Structure (WBS) has been carried out. CEPC Construction is
expected to start in 2022 and be completed in 2030. After commissioning, a tentative operation
plan will be running 7 years for Higgs physics, followed by 2 years for operation in Z mode and 1
year for operation in W mode. The large number of particles produced makes the CEPC a power-
ful instrument not only for precision measurements on these important particles, but also in the
search for new physics. The CEPC is an important part of the world plan for high-energy physics
research. It will support a comprehensive research program by scientists from throughout the
world. Physicists from many countries will work together to explore the science and technology
frontier, and to bring a new level of our understanding of the fundamental nature of matter, energy
and the Universe.

Parameters and the optimization design
According to the CEPC physics goals at the Higgs and Z-pole energies, the CEPC should provide
e+e- collisions at the center-of-mass energy of 240 GeV and deliver a peak luminosity of 21034
cm-2s-1 at each interaction point. The CEPC has two IPs for e+e- collisions. At the Z-pole the
luminosity is required to be larger than 11034 cm-2s-1 per IP. Its circumference is around 100 km
in accordance with the SppC, which is designed to provide proton-proton collisions at 100 TeV
center-of-mass energy using 16 Tesla superconducting dipole magnets.
The CEPC baseline design is a 100 km fully partial double ring scheme based on crab waist collision
and 30 MW radiation power per beam at Higgs energy, with the shared RF system for both electron
and positron beams. As an alternative option, Advanced Partial Double Ring (APDR) has been also
studied systematically with the aim of comparing the luminosity potentials and saving cost.
The luminosities for Higgs and W operation are mainly limited by the SR power (30 MW). The
luminosity at Higgs is 3 1034 cm-2s-1 with 242 bunches; the luminosity at the W is 1 1035 cm-2s-1
with 1524 bunches. At the Z pole, the luminosity for 3T detector solenoid is 1.7 1035 cm-2s-1 and
is 3.2 1035 cm-2s-1 for 2T detector solenoid, both with 12,000 bunches. The limit of bunch number
comes from the electron cloud instability of the positron beam. The minimum bunch separation
for Z due to electron cloud effect is 25 ns and a 10% beam gap is left for cleaning. There is still some
space for parameter optimization at z pole to get even higher luminosity. Beam-beam interaction
in is one of the most important limitations to the CEPC performance, which is calculated both
by analytical method and computer simulations to make optimized parameter design and choose
optimum operating conditions. The crab-waist scheme increases the luminosity by suppressing
vertical blow up, which is a must to reach high luminosity. Beamstrahlung is synchrotron radiation
excited by the beam-beam force, which is a new phenomenon in a storage ring based collider. It
will increase the energy spread, lengthen the bunch and may reduce the beam lifetime due to the
long tail of the photon spectrum. The beam-beam limit at the W/Z is mainly determined by the
coherent x-z instability instead of the beamstrahlung lifetime as in the Higgs mode. Longer bunch
length will help to suppress the coherent instability.
The CEPC CDR design goals have been evaluated and checked from the point view of beam-beam
interaction, which is feasible and achievable.

Lattice optics
The CEPC lattice optics is designed with requirements and constraints mainly from top-level pa-
rameters, geometry, minimizing cost, compatibility of Higgs, W and Z modes, and compatibility
with SPPC. The interaction region is designed to provide strong focusing and crab-waist collision.
A local correction scheme is adopted to get a large momentum acceptance. An asymmetric lattice
is adopted to allow softer synchrotron-radiation photons from the upstream part of the IP. Twin-
aperture dipoles and quadrupoles are used in the arc region to reduce power. The two beams are
separated by 35 cm. For the arc region, a FODO cell structure is chosen to provide a large filling
factor of dipoles. The 90/90-degrees phase advances and non-interleaved-sextupole scheme are
selected due to aberration cancellation. In the RF region, the RF cavities are shared by the two
rings. Each RF station is divided into two sections for bypassing half of the cavities when running
in W or Z modes. An electrostatic separator combined with a dipole magnet avoids bending the
incoming beam. The sawtooth effect is expected to be curable by tapering the magnet strength to
take into account the beam energy at each magnet. The vertical emittance due to the solenoid field
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coupling is limited and acceptable.
The requirements of dynamic aperture (DA) are got from injection and beam-beam effects to get ef-
ficient injection and adequate beam life time. A differential evolution algorithm based optimization
code has been developed for CEPC, which is a multi-objective code called MODE. The SAD code
is used to do the optics calculation and dynamic aperture tracking. Strong synchrotron radiation
causes strong radiation damping which helps enlarge the dynamic aperture to some extent. Quan-
tum fluctuations in the synchrotron radiation are considered in SAD, where the random diffusion
due to synchrotron radiation in the particle tracking is implemented in each magnet. Thirty-two
arc sextupole families, 10 IR sextupole families and 8 phase advance tuning knobs between differ-
ent sections are used to optimize the DA. All the sextupoles (~250) could be free. There exists no
clear difference with more sextupole families. The optimized DA could meet the requirement of
injection and colliding beam lifetime. The work of DA with errors and correction are undergoing.

Machine-detector interface (MDI)
The machine-detector interface (MDI) is about 7 m in length in the Interaction Region (IR), where
many elements need to be installed, including the detector solenoid, anti-solenoide, luminosity
calorimeter, interaction region beam pipe, beryllium pipe, cryostat, beam position monitors (BPMs)
and bellows. The cryostat includes the final doublet superconducting magnets and anti-solenoid.
The CEPC detector consists of a cylindrical drift chamber surrounded by an electromagnetic calorime-
ter, which is immersed in a 3T superconducting solenoid of length 7.6 m. The accelerator compo-
nents inside the detector should not interfere with the devices of the detector. The smaller the
conical space occupied by accelerator components, the better will be the geometrical acceptance
of the detector. From the requirement of detector, the conical space with an opening angle should
not larger than 8.11 degrees. After optimization, the accelerator components inside the detector
without shielding are within a conical space with an opening angle of 6.78 degrees. The cross-
ing angle between electron and positron beams is 33 mrad in horizontal plane. The final focusing
quadrupole is 2.2 m (L*) from the Interaction Point (IP). The luminosity calorimeter will be installed
in a longitudinal location 0.95~1.11 m, with an inner radius of 28.5 mm and outer radius 100 mm.
Primary results are got from the assembly, interfaces with the detector hardware, cooling chan-
nels, vibration control of the cryostats, supports and so on.
A water cooling structure is required to control the heating problem of HOM in IR vacuum cham-
ber. For the beam pipe within the final doublet quadrupoles, since there is a 4mm gap between the
outer space of beam pipe and the inner space of Helium vessel, a room temperature beam pipe has
been chosen.
SR photons in the IR are mainly generated from the final upstream bending magnet and the IR
quadrupole magnets due to eccentric particles. With 3 mask tips along the inside of the beam pipe
to shadow the inner surface of the pipe the number of scattered photons that can hit the central
beam pipe is greatly reduced to only those photons which forward scatter through the mask tips.
With collimators in the ARC far from IP the SR photons from IR quadrupoles will not damage the
detector components and cause background to experiments.
Beam loss background are mainly from Bhabha scattering, beamstrahlung, beam-thermal photon
scattering and beam-gas inelastic scattering. With collimators in the ARC far from IP, beam loss
background can be reduced significantly and can be accepted by the detector.

CEPC SCRF system
CEPC will use a 650 MHz RF system with 240 2-cell superconducting cavities for the Collider
and a 1.3 GHz RF system with 96 9-cell superconducting cavities for the Booster. The Collider is a
fully partial double-ring with common cavities for electron and positron beams in Higgs operation
mode and a double ring for separate cavities for electron and positron beams in W and Z operation
modes. Full installation of the same types of cavities and cryomodules for Higgs, W, and Z-pole
modes without changing any hardware is the baseline configuration. The Collider SCRF system
is optimized for the Higgs mode of 30 MW SR power per beam, with enough tunnel space and
operating margin to allow higher RF voltage and/or SR power (50 MW SR power per beam) by
adding cavities. Each Collider cavity has two detachable coaxial HOM couplers mounted on the
cavity beam pipe with HOM power handling capacity of 1 kW. Each 11 m-long cryomodule consists
of six cavities. Each cryomodule has two beamline HOM absorbers at room temperature outside
the vacuum vessel with HOM power handling capacity of 5 kW each.
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HOM power limit per cavity and the fast-growing longitudinal coupled-bunch instabilities (CBI)
driven by both the fundamental and higher order modes impedance of the RF cavities determine to
a large extent the highest beam current and luminosity obtainable in the Z mode. Transient beam
loading is also a concern. For a higher luminosity Z upgrade, because of the high HOM power and
the need to have the smallest number of cavities, KEKB / BEPCII type single cavity cryomodules
with very high input coupler power will be needed.
The CEPC SCRF technical challenges that require R&D include: achieving the cavity gradient and
high quality factor in the real cryomodule environment (Q0 > 4×1010 at 22 MV/m for the vertical
acceptance test with nitrogen-doping technology, and normal operation gradient below 20 MV/m
with the lower limit of Q0 of 1.5×1010 for long term operation), robust and variable high power (>
300 kW CW) input couplers that are design compatible with cavity clean assembly and low heat
load, efficient and economical damping of the HOM power with minimum dynamic cryogenic heat
load, and fast RF ramp and control of the Booster.
In parallel with design and key R&D, extensive development of SCRF personnel, infrastructure
and industrialization is essential for the successful realization of CEPC. This will have synergy
with ongoing SCRF-based accelerator projects in China, such as SHINE (Shanghai HIgh repetition
rate XFEL aNd Extreme light facility) in Shanghai and ADANES (Accelerator Driven Advanced
Nuclear Energy System) in Huizhou, etc.

Collective effects
Interaction of an intense charged particle beam with the vacuum chamber can lead to collective
instabilities. These instabilities will induce beam quality degradation or beam losses, and finally
restrict the performance of the machine.
The impedance and wake are calculated both with formulas as well as simulations with ABCI and
CST. Both longitudinal and transverse impedances are dominated by the resistive wall and ele-
ments of which there is a large quantity. The longitudinal loss factor is mainly contributed by the
resistive wall and the SCRF cavities.
The impedance driven instabilities include single bunch and multi-bunch effects. The limitation
on the longitudinal broadband impedance mainly comes from microwave instability and bunch
lengthening. The microwave instability will rarely induce beam losses, but may reduce the lumi-
nosity due to the distorted beam distribution and increasing of the beam energy spread. The limi-
tation on the transverse broadband impedance mainly comes from the transverse mode coupling
instability. Considering the bunch lengthening due to the longitudinal impedance, the transverse
effective impedance will decrease with bunch intensity. The narrowband impedances are mainly
contributed by cavity like structures. These impedances may induce coupled bunch instabilities in
both longitudinal and transverse planes. The dominant contributions to the coupled bunch insta-
bility include resistive wall impedance and the HOM of the SCRF cavities. In order to damp the
instabilities, bunch by bunch feedback systems are required. For different operation scenarios, the
Z-pole mode has the most critical restrictions for both broadband and narrowband impedances.
Except the impedance driven effects, there are also two stream instabilities that may restrict the
beam performance in the collider. In the electron ring, instabilities can be excited by residual gas
ions accumulated in the potential well of the electron beam. Fast beam ion instability is a transient
beam instability excited by the beam-generated ions accumulated in a single passage of the bunch
train. The instability can be faster than the radiation damping. For the most critical case of Z-pole
energy, multi-bunch train filling patterns and transverse feedback system are required.
Electron Cloud Effect is one of the considerations in positron ring of CEPC collider. The photon
electrons and secondary electron emission will be the main contribution to the electron cloud. The
most effective mitigation on electron cloud is coating TiN or NEG to depress secondary electron
emission yield (SEY) to approximation one. The simulation for electron cloud density in different
SEY and its threshold have been carried out during the conceptual design of CEPC. The shortest
bunch spacing during Z-pole operation is 25 ns with bunch population 8.0x1010. A transverse
feedback system for damping ECI is also taken as a backup.

CEPC booster
The booster provides electron and positron beams to the collider at different energies. Both the
initial injection from zero current and the top-up injection should be fulfilled. The booster is in the
same tunnel as the collider, placed above the collider ring except in the interaction region where
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there are bypasses to avoid the detectors at IP1 and IP3.
The injection system consists of a 10 GeV Linac, followed by a full-energy Booster ring. Electron
and positron beams are generated and accelerated to 10 GeV in the Linac, are injected into the
Booster. The beams are then accelerated to full-energy, and injected into the Collider. For differ-
ent beam energies of Higgs, W, and Z experiments, there will be different particle bunch structures
in the Collider. To maximize the integrated luminosity, the injection system will operate mostly
in top-up mode, but also has the ability to fill the Collider from empty to full charge in a reason-
able length of time. A traditional off-axis injection scheme is chosen as a baseline design of the
beam injection to the main collider, and a swap-out injection is given as another choice for Higgs
injection.
The design goal for the booster optics is to make sure the geometry is the same as the collider and
satisfy the requirements of beam dynamics. The total number of magnets and sextupole families
is minimized taking into account capital and operating costs. The maximum cell length and hence
the maximum emittance in the booster is limited by the collider injection requirements. The length
of two FODO cells in the booster corresponds to three FODO cells in the collider. The horizontal
position of the booster has been designed in the center of collider two beams. The height difference
between booster and collider is 2.4m and the horizontal position error of booster is controlled un-
der 0.17m. CEPC booster has the same circumference as the collider (100016.4m). 90/90 FODO cell
and non-interleave sextupole scheme is adopted to achieve the biggest Dynamic aperture (DA).
DA reduction due to sawtooth effect at 120GeV is negligible so magnets energy tapering is un-
necessary in booster. The error analysis has been done and so far the errors in the booster are
tolerable.
During ramping, parasitic sextupole field is induced on beam pipe inside dipoles due to eddy cur-
rent. So the ramping rate (0.1Hz) is limited by eddy current effect. Dedicated ramping curve is
found to control the maximum K2. Even if the dynamic chromaticity distortion is corrected by
the independent sextupoles during ramping, the DA reduction around 20GeV is serious. A beam
simulation of the entire period in the booster from injection to extraction is needed to verify the
design, using a realistic beam from the linac.
Low field dipole magnet is aslo a big challenge for CEPC because the booster dipoles have to start
from 29 Gauss. The requirement for field error field reproducibility at low energy is difficult to
reach. Both technical solutions and physical solutions will be explored.

CEPC linac injector
The CEPC linac injector to booster is a normal conducting S-band linac with frequency 2860 MHz
providing electron and positron beams at an energy of up to 10 GeV at a repetition rate of 100 Hz.
One-bunch-per-pulse is adopted and bunch charge should be larger than 1.5nC.
In the design of CEPC linac, the reliability and availability of the linac injector was emphasized
because it is one of the indispensable facilities. The S-band linac has a robust design based on
well proven technologies, and a 15% overhead of accelerating structure and klystron is foreseen
to provide margins. The linear type layout of CEPC linac is adopted and one electron transport
line at an energy of 4 GeV is desiged to bypass the positron source and part accelerating section.
All the lattice design and multi-particle simulations are conducted and the linac can meet all the
requirements with errors.
A thermionic gun is adopted and can provide 11 nC electron beam for positron production. To
keep the potential to meet higher requirements and possibility of updates in the future, the linac
can provide bunch charge larger than 3 nC electron beam and posirton beam. The positron source
is a conventional design with a tungsten target of 15 mm in length and adiabatic matching device
of 6 T in peak magnetic field. The energy of electron beam for positron production is 4 GeV and
rms beam size is 0.5 mm.
A 1.1 GeV damping ring with 58.8m circumference is adopted to reduce the transverse emittance of
positron beam to suitably small value. Longitudinal bunch length control has provided to minimize
wake field effects in the linac by a bunch compressor system after the damping ring. Both parame-
ters for damping ring and bunch compressor have designed, also the lattice design is finished and
the DA can fulfill the requirement.

CEPC collider magnets
There are 2466 dipoles, 3052 quadrupoles, 948 sextupoles and 2904 correctors in the CEPC collider
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ring. Theses conventional magnets occupy over 80% of the 100 km circumference, therefore, the
cost and power consumption are two of the most important issues for magnet design. The 2384
dipoles and 2392 quadrupoles are designed to be dual aperture magnets to provide magnetic field
for both beams separated by 350 mm. Several special technologies are used to reduce the cost of the
magnets, including core steel dilution for dipoles and aluminum coils instead of copper. In addition,
the magnets are designed for low-current high-voltage operating mode as much as possible to
reduce the power consumption in the power cables. Radiation shielding is also considered. In
the Technical Design Report (TDR) R&D phase, the dual aperture dipole and quadrupole short
prototype magnets will be developed.

Booster magnets
The circumferences of the booster is about 100 km, which has 16320 dipoles, 2036 quadrupoles,
448 sextupoles and 350 correctors. The gap of the dipole magnets is 63 mm, the most of them are
4.7 m long, the others are 2.4 m and 1.7 m long. The field will change from 29 Gauss to 392 Gauss
during acceleration. The field errors in good field region are required to be less than 1E-3. Due to
very low field level, the cores are composed of stacks of 1 mm thick low carbon steel laminations
spaced by 1 mm thick aluminium laminations. Since magnetic force on the poles is very small,
the return yoke of the core can be made as thin as possible. In the pole areas of the laminations,
some holes will be stamped to further reduce the weight of the cores as well as to increase the
field in the laminations. All above considerations can improve the performance of the iron core
and considerably reduces the weight and the cost. Also for economic reasons, the excitation bars
are made from pure aluminum of cross section 3040 mm2 without water cooling.
The bore diameter of the quadrupole magnets is 64 mm, the magnetic length are 1 m, 1.5 m and
2.2 m respectively, the max. quadrupole field is 16.6 T/m. The min. quadrupole field is 1/12 of the
max. field. For cost reduction, hollow aluminum instead of copper conductors are selected to wind
the coils. The iron cores are made of 0.5 mm thick laminated low carbon silicon steel sheets. The
magnet will be assembled from four identical quadrants, and can also be split into two halves for
installation of the vacuum chamber.
The bore diameter of the sextupole magnets is also 64 mm, all the magnets are 400 mm long, the
max. sextupole field is 440 T/m2. The min. sextupole field is 1/12 of the max. field. The cores of
the magnets have a two-in-one structure, made of low-carbon silicon steel sheets and end plates.
By using end chamfering, the field errors can be reduced to meet the strict field requirements. The
coils of the magnets have a simple racetrack-shaped structure, which are wound from solid copper
conductors without water cooling.
The gap of the correctors is 63 mm, the max. field is 200 Gs, the field errors in good field region is
required to be less than 1E-3. To meet the field quality requirements, the correctors have H-type
structure cores so the pole surfaces can be shimmed to optimize the field. The cores are stacked
from 0.5 mm thick laminations. The racetrack shaped coils are wound from solid copper conductor.
Each coil has 24 turns, which are formed from 4 layers; no water cooling is required.

CEPC interaction region superconducting magnets
Compact high gradient final focus superconducting quadrupole doublet magnet (QD0 and QF1)
are required on both sides of the collision points of CEPC collider ring. QD0 and QF1 are double
aperture quadrupoles and are operated fully inside the field of the Detector solenoid with a central
field of 3.0 T. To minimize the effect of the longitudinal detector solenoid field on the accelerator
beam, anti-solenoids before QD0, outside QD0 and QF1 are needed. The total integral longitudinal
field generated by the detector solenoid and anti-solenoid coils is zero. It is also required that the
total solenoid field inside the QD0 and QF1 magnet should be close to zero. The superconducting
QD0, QF1, and anti-solenoid coils are in the same cryostat, which makes up a combined function
magnet. In the TDR R&D phase, superconducting prototype magnets for the CEPC interaction re-
gion will be developed in three consecutive steps: 1) Double aperture superconducting quadrupole
prototype magnet QD0 (136T/m, 2m long). 2) Short combined function superconducting prototype
magnet including QD0 and the anti-solenoid. 3) Long combined function superconducting proto-
type magnet including QD0, QF1 (110T/m, 1.48 long) and anti-solenoid.

CEPC vacuum system
R & D of the CEPC vacuum system include the vacuum chambers, RF shielding Bellows and NEG
coating inside the inner surface of the vacuum system in the positron ring.
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The Collider will have an aluminum chamber for the electron beam and a copper chamber for the
positron beam. The aluminum chamber is similar to the LEP chamber. It has a beam channel, a
cooling water channel, a pumping port used to install ion pump, and thick lead shielding blocks
covering the outside. The copper chamber has a beam channel and a cooling water channel, and
NEG coating will be used. In the R&D program both types of chambers will be fabricated and tested.
The prototypes of both copper and aluminum vacuum chambers will be fabricated and tested. The
ultimate pressure of the vacuum chambers is less than 210-10Torr The thermal outgassing rate is
less than 5×10-12Torr•L/s/cm2.
The NEG coating is a titanium, zirconium, vanadium alloy, deposited on the inner surface of the
chamber through sputtering. R&D is required so the sputtering process for NEG film deposition is
optimized to avoid instability and lack of reproducibility. These problems can significantly change
the gas sorption and surface properties (e.g. secondary electron yield, ion-induced gas desorption).
During tests of the coating, all related parameters (plasma gas pressure, substrate temperature,
plasma current, and magnetic field value) will be recorded and suitably adjusted to ensure stability
of the deposition process. After coating, the chambers will be cooled down to room temperature,
exposed to air and left to age for a couple of days before being visually inspected again. Aging
is a recommended procedure, since it helps identify areas where the film adhesion is poor. The
design specification with pumping speed of 0.5 L/s/cm2 (H2) for the coating vacuum chamber will
be achieved.
The primary function of the RF shielding bellows is to allow for thermal expansion of the chambers
and for lateral, longitudinal and angular offsets due to tolerances and alignment, while providing
a uniform chamber cross section to reduce the impedance seen by the beam. The usual RF-shield
has many narrow Be-Cu fingers that slide along the inside of the beam passage as the bellows is
compressed. The design specification of the contact pressure for RF contact fingers is 12525g/finger.

CEPC 650MHz high efficiency klystron
The CEPC two beam synchrotron radiation power is more than 60 MW, it needs high efficiency RF
source to minimize CEPC AC power consumption. Considering the klystron operation lifetime and
power redundancy, a single 650MHz 800 kW klystron amplifier will drive two of the collider ring SC
cavities through a magic tee and two rated circulators and loads. The CEPC high efficiency 650MHz
klystron design goals are to set the efficiency to be above 80% and successful industrialization.

Civil and conventional facilities
Underground structures of CEPC consist of collider ring tunnel (L=99.67km), experiment halls
(2 experiment halls for CEPC, and 2 future experiment halls for SPPC), CEPC linac injector is
located on the surface. Surface structures within the collider ring area, such as auxiliary equipment
structures, cooling towers, substations and ventilation systems, are located close to the shafts. The
total area of surface structures is 140450m2. The total CEPC tunnel civil construction period is
54 months, including 8 months for construction preparation, 43 months for construction of main
structures and 3 months for completion. The total electrical load for physical experiments and
general facilities is 270MW. It is proposed to use 220kV for the project, and to have two 220kV
central substations (220kV/110kV/10kV) in the project area. The total heat load absorbed by the
cooling water system is 213MW during CEPC operation for Higgs physics experiments. There are
16 pump stations at each point of the ring and an additional one for Linac. The air conditioning cold
load of the collider ring tunnel is about 6MW. The tunnel is divided into 32 sections. Each section
is considered to be independent for the ventilation and primary return air conditioning system.
Fire prevention and exhaust systems, hydrant and fire extinguisher systems, and fire detection
and fire alarm systems are combined with building fire prevention and evacuation, to minimize
fire hazards.

CEPC cost, site selection, management and construction
The cost of CEPC contains mainly three parts, civil engineering, accelerator with two detectors.
As cost repartition (without detectors, for example), civil engineering 40%; collider magnets 12%;
booster magnets 6%, vacuum system 9%; RF power system 6%; SRF system 4%; mechanical system
5%; instrumentation 4%; cryogenic system 4%; linac injector 2.5%; and others. As for CEPC site
selection, the technical criteria are roughly quantified as follows: earthquake intensity less than
seven on the Richter scale; earthquake acceleration less than 0.1 g; ground surface-vibration am-
plitude less than 20 nm at 1–100 Hz; granite bedrock around 50–100 m deep, and others. The site-
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selection process started in February 2015 preliminary studies of geological conditions for CEPC’s
potential site locations have been carried out in Qinhuangdao and Xiongan in Hebei province;
Shenshan special district in Guangdong province; Huangling county in Shanxi province; Huzhou
in Zhejiang province; and Chuangchun in Jilin province, and all these sites satisfies the CEPC con-
struction requirements.
The scheduled timeline for CEPC construction is that after the TDR finished in 2022, CEPC will
start the civil construction. According to Chinese civil construction companies involved in the
siting process, a 100 km tunnel will take less than five years to dig using drill-and-blast methods,
which is followed by accelerator and detectors’ installation. Around 2030, CEPC construction will
be finished followed by machine operation.
The CEPC by nature is Chinese initiated international large science project, and the project will
be participated, contributed and managed in an international way in all its level and in all of its
process from CDR, TDR, construction and operation for physics experiments.

SppC
SppC (Super proton-proton Collider) as an integral part of the CEPC-SppC project, aims for energy-
frontier discoveries, which will be a long-term development or more than twenty years from now
after CEPC as an electron-positron collider will accomplish its main physics goals. However, it is
important to include the SppC in the general CEPC study, as we do not wish that the CEPC de-
sign would not hinder the future development to add the SppC collider in the same tunnel. Other
physics possibilities such as e-p collision that involves both CEPC and SppC beams should not be
forgot during the general project planning.
As SppC is a long-term project with many technical challenges, it is necessary to pursue studies
to work on critical physics and technological key issues. One of the key issues is high-field super-
conducting magnets of at least 12 T. The SppC baseline design of is to use 12 T high-temperature
iron-based superconductors for high field dipole magnets to allow proton–proton collisions at a
centre of mass energy of 75 TeV and a luminosity of 1035 cm–2 s–1.
About the accelerator physics study on SppC, the studies include: machine layout and lattice de-
sign with compatibility to CEPC; collimation method and machine protection scheme to handle
the extremely high stored energy in beams; potential in collision luminosity and critical interac-
tion regions, etc. As SppC collider needs an injector chain that consists of a series of powerful
accelerators, current design of injector chain consists of four accelerators in cascade.
As for the timeline of SppC, till 2035 is CDR and R&D period; till 2040 is the Technical Design Re-
port period, from 2040-2045 is SppC construction period, and SppC will be put to operation started
from 2045.

References:
[1]CEPC-SppC Pre-CDR, http://cepc.ihep.ac.cn/preCDR/volume.html, 2015.
[2]CEPC-SppC Progress Report, http://cepc.ihep.ac.cn/Progress%20Report.pdf, 2017.
[3]The CEPC Conceptual Design Report, Vol I: Accelerator, arXiv: 1809.00285, http://cepc.ihep.ac.cn/CDR_v6_201808.pdf,
2018.
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Future colliders - Linear and circular

The completion of the Standard Model of particle physics by the discovery of a light Higgs boson
at the LHC in 2012 triggered the debate about the best way forward to discover physics beyond
the Standard Model. At the eve of the update of the European Strategy of particle physics, this
article summarises the motivation and status of the different collider projects in particle physics
at the energy frontier. This article reflects the status as of December 2018 and the reader is invited
to follow closely updated information of the presented projects.

Primary author: POESCHL, Roman (Centre National de la Recherche Scientifique (FR))
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HEP Computing Evolution

High Energy Physics (HEP) has demonstrated a unique capability with the global computing in-
frastructure for LHC, achieving the management of data at the many-hundred-Petabyte scale, and
providing access to the entire community in a manner that is largely transparent to the end user.
Other HEP experiments have expressed a desire to benefit from this infrastructure and organiza-
tion, and recent interactions with other related science communities that have similar needs on
the HL-LHC timescale show interest in collaboration. In this paper we outline a proposed strategy
by which the computing infrastructure developed for LHC could be broadened in collaboration
with other interested HEP experiments, while retaining the LHC-specific needs within the WLCG
collaboration. This proposal is in line with the WLCG strategy for addressing computing for HL-
LHC, and is aligned with European and other international strategies in computing for large scale
science.

Primary authors: BIRD, Ian (CERN); CAMPANA, Simone (CERN)
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CERN’s view on Knowledge Transfer as input for the
European Strategy on Particle Physics update

Please refer to the document attached.

Primary author: ANELLI, Giovanni (CERN)

Track Classification: Other (communication, outreach, strategy process, technology trans-
fer, individual contributions,…)
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Particle Physics in Finland

Abstract: In the report current plans and some ideas for future are reported for particle physics
and related fields in Finland.

Primary authors: Prof. HUITU, Katri (Helsinki Institute of Physics); Prof. LAPPI, Tuomas (Dept.
oh Physics, Univ. of Jyväskylä)
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Ultra-relativistic Heavy-Ion Collisions: Inputs of the
Italian community for the ESPPU 2018–2020

This document was prepared by the community that is active in Italy, within INFN (Istituto Nazionale
di Fisica Nucleare), in the field of ultra-relativistic heavy-ion collisions. The experimental study of
the phase diagram of strongly-interacting matter and of the Quark–Gluon Plasma (QGP) decon-
fined
state will proceed, in the next 10–15 years, along two directions: the high-energy regime at RHIC
and at the LHC, and the low-energy regime at FAIR, NICA, SPS and RHIC.The Italian community
is strongly involved in the present and future programme of the ALICE experiment, the upgrade of
which will open, in the 2020s, a new phase of high-precision characterisation of the QGP properties
at the LHC. The community also contributes to the heavy-ion programme of the LHCb experiment.
The physics case of a very-high-luminosity programme in the 2030s at the LHC using intermediate-
mass nuclei is considered with interest. In addition, there is a growing interest in a possible future
experiment at the SPS, which would primarily target the search for the onset of deconfinement us-
ing dimuon measurements. The strong expertise of the community in detector development and
construction, in particular in the sector of low-material silicon trackers, can serve as a common ba-
sis for these new projects at the LHC and SPS.On a longer timescale, the community participates in
the ongoing studies for a heavy-ion programme at the Future Circular Collider or the High Energy
LHC.

Primary authors: DAINESE, Andrea (INFN - Padova (IT)); BRUNO, Giuseppe (Universita e INFN,
Bari (IT)); SCOMPARIN, Enrico (Universita e INFN Torino (IT)); USAI, Gianluca (Universita e INFN,
Cagliari (IT))
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A high precision neutrino beam for a new
generation of short baseline experiments

The current generation of short baseline neutrino experiments is
approaching intrinsic source limitations in the knowledge of flux,
initial neutrino energy and flavor. A dedicated facility based on
conventional accelerator techniques and existing infrastructures
designed to overcome these impediments would have a remarkable impact
on the entire field of neutrino oscillation physics. It would improve
by about one order of magnitude the precision on νµ and νe
cross sections, enable the study of electroweak nuclear physics at the
GeV scale with unprecedented resolution and advance searches for
physics beyond the three-neutrino paradigm. In turn, these results
would enhance the physics reach of the next generation long baseline
experiments (DUNE and Hyper-Kamiokande) on CP violation and their
sensitivity to new physics. In this document, we present the physics
case and technology challenge of high precision neutrino beams based
on the results achieved by the ENUBET Collaboration in 2016-2018. We
also set the R\&D milestones to enable the construction and running of
this new generation of experiments well before the start of the DUNE
and Hyper-Kamiokande data taking. We discuss the implementation of
this new facility at three different level of complexity: νµ
narrow band beams, νe monitored beams and tagged neutrino
beams. We also consider a site specific implementation based on the
CERN-SPS proton driver providing a fully controlled neutrino source to
the ProtoDUNE detectors at CERN.

Primary author: Prof. LONGHIN, Andrea (Padova University and INFN)

Track Classification: Neutrino physics (accelerator and non-accelerator)
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AWAKE++: the AWAKE Acceleration Scheme for New
Particle Physics Experiments at CERN

The AWAKE experiment reached all planned milestones during Run 1 (2016-18), notably the demon-
stration of strong plasma wakes generated by proton beams and the acceleration of externally in-
jected electrons to multi-GeV energy levels in the proton driven plasma wakefields. During Run 2
(2021 - 2024) AWAKE aims to demonstrate the scalability and the acceleration of electrons to high
energies while maintaining the beam quality.
Within the Physics Beyond Colliders (PBC) study AWAKE++ has explored the feasibility of the
AWAKE acceleration scheme for new particle physics experiments at CERN. Assuming continued
success of the AWAKE program, AWAKE will be in the position to use the AWAKE scheme for
particle physics applications such as fixed target experiments for dark photon searches and also
for future electron-proton or electron-ion colliders. With strong support from the accelerator and
high energy physics community, these experiments could be installed during CERN LS3:
Integration and beam line design studies show the feasibility of a fixed target experiment in the
AWAKE facility, downstream of the AWAKE experiment in the former CNGS area. The expected
electrons on target for fixed target experiments exceeds the electrons on target by three to four
orders of magnitude with respect to the current NA64 experiment, making it a very promising
experiment in the search for new physics.
Studies show that electrons can be accelerated to 70 GeV in a 130 m long plasma cell installed in an
extended TI2 extraction tunnel from SPS to the LHC and transported to collision with protons/ions
from the LHC. The experiment would focus on studies of the structure of matter and QCD in a new
kinematic domain.
The AWAKE scheme offers great potential for future high energy physics applications and it is the
right moment now to support further development of this technology leading to unique facilities.

Primary authors: GSCHWENDTNER, Edda (CERN); BARTMANN, Wolfgang (CERN); CALD-
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BORNE, John Andrew (CERN); PARDONS, Ans (CERN); PETRENKO, Alexey (Budker Institute of
Nuclear Physics (RU)); SCAACHI, Adam; WING, Matthew (University College London)
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Initial INFN input on the update of the European
Strategy for Particle Physics: software and

computing

The INFN sees two major areas of application for high energy physics computing in the time scale
relevant for the Strategy Update: the exploitation of high performance computing (HPC) and the
use of Quantum Computing. The first one can be realized within few years, with high energy
physics experiments becoming major users of HPC. Quantum computing is still at the level of
research and development, but it can be the new disruptive technology changing the computing
horizon. The exploitation of the former and the research and development of the latter are de-
scribed in the document.

Primary author: LUCCHESI, Donatella (Universita e INFN, Padova (IT))
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PBC technonlogy subgroup report

This document contains results of the work of the PBC technology subgroup set up by the Physics
Beyond Collider Working Group.

Goal of the technology subgroup set by PBC:
Exploration and evaluation of possible technological
contributions of CERN to non-accelerator projects possibly
hosted elsewhere: survey of suitable experimental initiatives
and their connection to and potential benefit to and from CERN;
description of identified initiatives and how their relation to the
unique CERN expertise is facilitated.

Primary authors: DOBRICH, Babette (CERN); SIEMKO, Andrzej (CERN); CANTATORE, Giovanni
(Univ. + INFN); DELIKARIS, Dimitri (CERN); MAPELLI, Livio (Princeton University (US)); CAVOTO,
Gianluca (Sapienza Universita e INFN, Roma I (IT)); PUGNAT, Pierre (Lab. des Champs Magnet. In-
tenses (FR)); SCHAFFRAN, Joern (Deutsches Elektronen-Synchrotron (DE)); SPAGNOLO, Paolo (INFN
Sezione di Pisa, Universita’ e Scuola Normale Superiore, P); TEN KATE, Herman (CERN); Prof. ZA-
VATTINI, Guido (Universita e INFN, Ferrara (IT))
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Input to the ESPP process from the community of
Danish high-energy and nuclear experimentalists

and theorists.

This documents presents the interests and priorities of the Danish high energy and nuclear physics
community based on the town meeting held by the National Center for CERN research (NICE) in
June 2018 in Middelfart, DK.

Primary author: Prof. GAARDHØJE, Jens Jørgen (Niels Bohr Institute)
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Future Dark Matter Searches with Low-Radioactivity
Argon

We present the case for the DarkSide-Argo program for direct dark matter searches with low-
radioactivity argon.

The immediate objective is the DarkSide-20k two-phase liquid argon detector, currently under
construction at the Gran Sasso laboratory (LNGS). DarkSide-20k will have ultra-low backgrounds,
with the ability to measure its backgrounds in situ, and sensitivity to WIMP-nucleon cross sections
of 1.2 × 10−47 cm2 (1.1 × 10−46 cm2) for WIMPs of 1TeV/c2 (10TeV/c2) mass, to be achieved with
a 5 yr run and an exposure of 100 t × yr. This projected sensitivity is a factor of >50 better than
currently-published results above 1TeV/c2, and covers a large fraction of the parameter space cur-
rently preferred by supersymmetric models. With 100 t × yr exposure 1.6 NR events are expected
from the coherent scattering of atmospheric neutrinos, making DarkSide-20k the first ever direct
dark matter detection experiment to reach this crucial milestone. The sensitivity would further
improve to 7.4 × 10−48 cm2 (6.9 × 10−47 cm2) for WIMPs of 1 TeV/c2 (10 TeV/c2) mass for a decade
run with exposure of 200 t × yr. DarkSide-20k is foreseen to start operations in 2022 and will either
detect WIMP dark matter or exclude a large fraction of the favored parameter space.

In parallel to DarkSide-20k, a second and important element for this program will be a detector
of the order of 1 t in mass: DarkSide-LowMass (DS-LM), which we will propose to be installed
at LNGS and specifically optimized for the observation of the electroluminescence signal below
10 GeV/c2 with strong restriction of electron recoils background through careful detector design.
Based on demonstrated ultra-low threshold and world-leading sensitivity achieved with DarkSide-
50, and coupled to additional 39Ar reduction by distillation in Aria and the use of a massive liquid
argon veto, this dedicated search would display an excellent discovery capability, reaching through
the so-called “neutrino floor” in the low-mass search region.

The crowning objective, towards the end of the next decade, will be the construction of the ulti-
mate Argo detector with a 300 t fiducial mass to push the sensitivity to the region where neutrino
background will be a limitation in detectors without directional capability. The WIMP detection
sensitivity will only be limited by systematic uncertainties in nuclear recoil background from Co-
herent Neutrino Scattering of Atmospheric neutrinos. The strong electron recoil rejection will
eliminate background from solar neutrinos and some residual internal backgrounds such as radon.
This unique property of argon extends the sensitivity with respect to technologies with more lim-
ited electron recoils discrimination. The throughput of the Urania argon extraction system would
enable 400 t of underground argon to be extracted and purified in the Aria facility over a period of
about 6 yr. SNOLAB would be strong potential site for this detector motivated by the dark matter
search, but also possibly enabling the observation of ultra-rare solar neutrino sources (CNO, hep).

Primary author: THE GLOBAL ARGON DARK MATTER COLLABORATION

Track Classification: Dark matter and dark sector (accelerator and non-accelerator dark
matter, dark photons, hidden sector, axions)

May 23, 2023 Page 67



Input to the Euro … / Report of Contributions Japan’s Updated Strategy for Futur …

Contribution ID: 63 Type: not specified

Japan’s Updated Strategy for Future Projects in
Elementary Particle Physics

In September 2017, the Japanese high energy physics community, JAHEP (Japan Association of
High Energy Physicists), updated the strategy for future particle physics by endorsing the Final
Report of the Committee on Future Projects in High Energy Physics.

The Final Report summarizes Japan’s future strategy as follows:

In 2012, not only was a Higgs boson with a mass of 125 GeV discovered at the LHC, but three-
generation neutrino mixing was also established. Taking full advantage of the opportunities pro-
vided by these discoveries the committee makes the following recommendations concerning large-
scale projects, which comprise the core of future high energy physics research in Japan.

• With the discovery of the 125 GeV Higgs boson at the LHC, construction of the Inter-
national Linear Collider (ILC) with a collision energy of 250 GeV should start in
Japan immediately without delay so as to guide the pursuit of particle physics beyond
the Standard Model through detailed research of the Higgs particle. In parallel, continuing
studies of new physics should be pursued using the LHC and its upgrades.

• Three-generation neutrino mixing has been established and has provided a path to study CP
symmetry in the lepton sector. Therefore, Japan should promote the early realization
of Hyper-Kamiokande as an international project due to its superior proton decay
sensitivity, and should continue to search for CP violation with the T2K experiment and
upgrades of the J-PARC neutrino beam. The High Energy Physics Committee should pursue
all available options to achieve the early realization of these key, large-scale projects.

It is important to complete construction of SuperKEKB and start physics studies as scheduled.
Some of the medium- and small-scale projects currently under consideration have implicit poten-
tial to develop into important research fields in the future, as hap- pened with neutrino physics.
They should be promoted in parallel in order to pursue new physics from various directions. Flavor
physics experiments, such as muon experiments at J-PARC, searches for dark matter and neutrino-
less double beta decay, observations of CMB B-mode polarization and dark energy, are considered
to be projects that have such potential.

Furthermore, accelerator R&D should be continued to dramatically increase particle collision ener-
gies in preparation for future experimental efforts that may indicate the existence of new particles
and new phenomena at higher energy scale.

Primary author: Prof. MORI, Toshinori (The University of Tokyo)
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GRAVITATIONALWAVES IN THE EUROPEAN
STRATEGY FOR PARTICLE PHYSICS

This document briefly describes some of the scientific and technological synergies that are possible
between the nascent field of Gravitational Waves (GWs) and High Energy Particle Physics (HEPP).
It is submitted by the ET steering committee under the supervision of GWIC-3G (a team of the
Gravitational Wave International Committee (GWIC)) as contribution to the European Strategy for
Particle Physics and in view of the submission of the Einstein telescope (ET) observatory project
to the ESFRI Roadmap.

Primary author: Dr PUNTURO, Michele (INFN)
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The JUAS and ESIPAP graduate schools, essential
vectors of European training in particle accelerators

and detectors

With the attached text, the authors wish to draw the attention of the high-energy community on
the need to include in its strategic plan an exceptional effort towards attracting and training new
young talents to particle accelerator and detector physics.

Primary authors: METRAL, Elias (CERN); HOFFMANN, Hans Falk (European Scientific Insti-
tute (FR)); COLLOT, Johann (university Grenoble Alpes (FR)); LEBRUN, Philippe (European Scientific
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The International Linear Collider. A European
Perspective

The International Linear Collider (ILC) being proposed in Japan is an electron-positron linear
collider with an initial energy of 250 GeV. The ILC accelerator is based on the technology of super-
conducting radio-frequency cavities. This technology has reached a mature stage in the European
XFEL project and is now widely used.
The ILC will start by measuring the Higgs properties, providing high-precision and model-
independent determinations of its parameters. The ILC at 250 GeV will also search for direct
new physics in exotic Higgs decays and in pair-production of weakly interacting particles. The
use of polarised electron and positron beams opens new capabilities and scenarios that add to the
physics reach. The ILC can be upgraded to higher energy, enabling precision studies of the top
quark and measurement of the top Yukawa coupling and the Higgs self-coupling.
The international - including European - interest for the project is very strong. Europe has
participated in the ILC project since its early conception and plays a major role in its present
development covering most of its scientic and technological aspects: physics studies, accelerator
and detectors. The potential for a wide participation of European groups and laboratories is thus
high, including important opportunities for European industry.
Following decades of technical development, R&D, and design optimisation, the project is ready
for construction and the European particle physics community, technological centers and industry
are prepared to participate in this challenging endeavour.

Primary authors: Prof. BRAU, James (University of Oregon); FUSTER VERDÚ, Juan (IFIC-Valencia
(ES)); STAPNES, Steinar (CERN)
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Community Support for A Fixed-Target Programme
for the LHC

This contribution aims at promoting the ground-breaking physics programme accessible with the
multi-TeV LHC proton and ion beams used in the fixed-target mode. It can be realised in a parasitic
mode for the LHC complex using existing detectors like those of the LHCb and ALICE collabora-
tions or new dedicated systems during the LHC lifetime. It contains a brief description of the
different technical implementations which are currently under investigation as well as the basic
performances offered by the use of the ALICE and LHCb detectors in the fixed-target mode. In
short, the multi-TeV LHC beams allow for the most energetic fixed-target experiment ever per-
formed opening the way for unique studies of the nucleon and nuclear structure at high x, of the
spin content of the nucleon and of the phases of the nuclear matter from a new rapidity viewpoint
at seldom explored energies.

Primary authors: BJORKEN, J.D.; BRAMBILLA, N.; BRODSKY, S. J.; CLEYMANS, J.; DONATO,
F.; ECHEVARRIA, M.; HALZEN, F.; HOYER, P.; KUSINA, A.; LANSBERG, J.P.; MULDERS, P.J.; PA-
JARES, C.; SATZ, H.; SEIXAS, J.; SIGNORI, A.; SIVERS, D.; STRIKMAN, M.; SZYMANOWSKI,
L.
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ECFA Detector Panel Report

The ECFA Detector Panel is a European Committee composed of detector physicists from a variety
of experimental communities in particle and astro-particle physics. Its primary role is to review
early stage detector R&D for programmes in these areas that are not yet linked to a host or leading
laboratory with its own established review mechanisms. The role and composition of the panel
make it well placed to provide an input on behalf of the European detector community for the
ongoing update of the European Strategy for Particle Physics. To this end, a survey of this commu-
nity was launched over the summer of 2018, with over 700 respondents representing 2900 FTEs at
a variety of career stages in 37 countries. Perceptions of opportunities and challenges were investi-
gated, along with attitudes to detector R&D activities within the wider community and associated
issues with career opportunities. The survey was also able to identify the main areas of current
detector R&D for particle and astro-particle physics in Europe as well as the community’s views
on the most promising future directions. This report outlines the main findings and the recommen-
dations of the panel based on both the numerical data and the large number of highly informative
comments provided by many of the respondents.
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Statement by the German Astroparticle Physics
Community as input to the European Strategy for

Particle Physics

The German Committee for Astroparticle Physics, KAT, is the elected representation of all
astroparticle physicists working at German research institutions of the Helmholtz Association,
Max
Planck Society and at German universities. This paper comprises the statements of the German
astroparticle physics community to the 2020 update of the European Strategy for Particle Physics.
The three German committees for particle physics, KET, for astroparticle physics, KAT, and for
hadronic and nuclear physics, KHuK, in the last 1.5 years jointly arranged a series of workshops
where the current status and future plans for the wider scientific field were evaluated and discussed
within these three communities. KAT extracted the statements and strategic proposals relevant
for
astroparticle physics from the joint declaration of these workshops and finalized this paper at its
strategy meeting with all group leaders/professors in astroparticle physics in Germany end of
November 2018.
The main research topics of astroparticle physics in Germany are the nature of neutrinos and of
dark
matter, the origin of cosmic rays, and the understanding of the non-thermal Universe. The nature
of
neutrinos and of dark matter are fundamental questions of particle physics that have a large overlap
with accelerator-based particle physics. Therefore, this document focuses on our vision for these
subjects as input to the European Strategy for Particle Physics.

Primary author: WEINHEIMER, Christian Philipp (Westfaelische Wilhelms-Universitaet Muenster
(DE))
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A memorandum by the Global Neutrino Network as
input to the update of the European Strategy for

Particle Physics

The Global Neutrino Network is an association of the neutrino telescope projects targeting the in-
vestigation of cosmic and atmospheric neutrinos in the energy range from GeV to beyond PeV. The
main scientific objectives are the exploration of high-energy cosmic neutrinos from non-thermal
astrophysical sources (neutrino astronomy), the investigation of fundamental questions of parti-
cle physics with atmospheric, but also cosmic neutrinos (neutrino physics), and further particle
physics topics such as the search for dark matter. In this document we focus on the particle physics
aspects and provide information that we consider useful in linking neutrino telescopes to the Eu-
ropean Strategy for Particle Physics.
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Romanian input to the European Particle Physics
Strategy Update 2018-2020

The document represents a synthesis of the input provided by research groups from Romanian
National Institutes and Universities which are currently participating in the CERN Scientific Pro-
gramme. The Romanian groups are focused on key areas of particle physics with large discovery
potential, precision measurements and searches for new physics. Development of new detectors
or performance upgrade of the existing ones together with high-performance computing and soft-
ware are essential to pursuit such physics objectives. The Romanian groups are providing a visible
and competitive contribution on R&D for new generation of detectors, testing of new radiation
hard technologies to cope with high luminosities, construction, installation and commissioning of
full sub-detectors or significant components for Phase I and II Upgrade of LHC detectors, as well
as in non-LHC based experiments.
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(RO)); NEGRET, Alexandru Liviu (IFIN-HH (RO)); PETROVICI, Mihai (IFIN-HH (RO)); PINTILIE, Ioana
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Electron Ion Collider Accelerator Science and
Technology - Designs, R&D and Synergies with

European research in Accelerators

A U.S.-based Electron-Ion Collider (EIC) has recently been endorsed by the U.S. National Academies
of Sciences, Engineering, and Medicine (NAS). This brings the realization of such a collider another
step closer, after its earlier recommendation in the 2015 Long-Range Plan for U.S. nuclear science
of the Nuclear Science Advisory Committee “as the highest priority for new facility construction
following the completion of FRIB”. The connections between the scientific questions addressed at
CERN and at the EIC as well as the shared interest regarding detector R&D are addressed in a sepa-
rate submitted document “Synergies between a U.S.-based Electron-Ion Collider and the European
research in Particle Physics”. There are, also, a large number of accelerator R&D topics that are
associated with the US EIC that could be undertaken in collaboration that would be of enormous
mutual benefit for European research centers and the US EIC.

An EIC will be an unprecedented collider that will need to maintain high luminosity (10^{33-34}
cm^{-2} s^{-1}) over a very wide range of Center-of- Mass energies (20 GeV to ~100 GeV, upgrad-
able to ~140 GeV), while accommodating highly polarized beams and many different ion species.
Addressing the challenges of this machine requires R&D in areas such as crab cavities, energy-
recovery linacs (for ion beam cooling), and high field magnets for the interaction points - areas in
which U.S. and European centers are already investing in R&D, in many cases jointly.

A multi-laboratory collaboration is presently working on two site-specific EIC designs - eRHIC
led by Brookhaven National Laboratory and JLEIC led by Jefferson Lab. While the designs are
different, there are many common R&D issues on which eRHIC and JLEIC efforts are cooperating
closely. The purpose of the present paper is to outline the status of the EIC accelerator designs
and to discuss the most significant R&D subjects that have strong connection with developments
in Europe, with the purpose of enlarging EIC collaboration both in physics and accelerator, to
strengthen synergies with European accelerator projects, and - more generally - to maximize pos-
itive impact of fundamental science on society worldwide.

*) Submitted on behalf of Electron Ion Collider accelerator design team

**) U.S. R&D efforts on EIC are supported by the Department Of Energy Office of Nuclear Physics.
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MATHUSLA

The observation of long-lived particles at the LHC would reveal physics beyond the Standard Model
could
account for the many open issues in our understanding of our universe and conceivably point to
a more
complete theory of the fundamental interactions. Such long-lived particle signatures are funda-
mentally
motivated and can appear in virtually every theoretical construct that addresses the Hierarchy
Problem, Dark
Matter, Neutrino Masses and the Baryon Asymmetry of the Universe. We describe in this docu-
ment a large detector, MATHUSLA, located on the surface above an LHC pp interaction point that
could observe longlived
particles with lifetimes up to the Big Bang Nucleosynthesis limit of 0.1 s at the HL-LHC. We also
note that its large detector area allows MATHUSLA to make important contributions to cosmic
ray physics.
Because of the potential for making a major breakthrough in our conceptual understanding of the
universe,
long-lived particle searches should have the highest level of priority.
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Input from J-PARC to the update of the European
Strategy for Particle Physics

Current research activities of Japan Proton Accelerator Research Complex (J-PARC) and the future
prospects are summarized with emphasis on the particle physics experiments.

Primary author: Prof. KOMATSUBARA, Takeshi (KEK-IPNS / J-PARC Center)
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The International Linear Collider. A Global Project

A large, world-wide community of physicists is working to realise an exceptional physics program
of energy-frontier, electron-positron collisions with the International Linear Collider (ILC). This
program will begin with a central focus on high-precision and model-independent measurements
of
the Higgs boson couplings. This method of searching for new physics beyond the Standard Model
is orthogonal to and complements the LHC physics program. The ILC at 250 GeV will also search
for direct new physics in exotic Higgs decays and in pair-production of weakly interacting parti-
cles.
Polarised electron and positron beams add unique opportunities to the physics reach. The ILC can
be upgraded to higher energy, enabling precision studies of the top quark and measurement of the
top Yukawa coupling and the Higgs self-coupling.
The key accelerator technology, superconducting radio-frequency cavities, has matured. Opti-
mised
collider and detector designs, and associated physics analyses, were presented in the ILC
Technical Design Report, signed by 2400 scientists.
There is a strong interest in Japan to host this international eort. A detailed review of the many
aspects of the project is nearing a conclusion in Japan. Now the Japanese government is preparing
for a decision on the next phase of international negotiations, that could lead to a project start
within a few years. The potential timeline of the ILC project includes an initial phase of about
4 years to obtain international agreements, complete engineering design and prepare construction,
and form the requisite international collaboration, followed by a construction phase of 9 years.
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Slovenian input to the European Strategy for Particle
Physics Update 2018–2020

This document reflects the view of the Slovenian HEP community on its engagement in current
and future particle physics projects. It represents the input of a relatively small particle physics
community to the European Strategy for Particle Physics.
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The Importance of Software and Computing to
Particle Physics

In 2017 the experimental High-Energy Physics community wrote a Roadmap for HEP Software
and Computing R&D for the 2020s. This effort was organised by the HEP Software Foundation
(HSF) and was supported by more than 300 physicists from more than 100 institutes worldwide. It
delivered a strategy outlining the most important areas in which investment is needed to ensure the
success of our experimental programme. This contribution to the ESPP is an executive summary
of the most critical and relevant points raised in that white paper.

Primary authors: STEWART, Graeme (CERN); HEP SOFTWARE FOUNDATION

Track Classification: Instrumentation and computing

May 23, 2023 Page 82



Input to the Euro … / Report of Contributions Input of Joint Institute for Nuclear …

Contribution ID: 80 Type: not specified

Input of Joint Institute for Nuclear Research

Abstract

This document summarizes the discussions of representatives of laboratories of the Joint Institute
for Nuclear Research (intergovernmental, international organization in Dubna) concerning the
European Strategy for Particle Physics Update. The document reflects the forward view of JINR
scientists to the development of PP in Europe based on long and successful history of CERN - JINR
collaboration. Emphasis is put on study of hot and dense nuclear matter in heavy ion collisions,
spin physics research with polarized proton and deuteron beams at new accelerator facility NICA
as well as on neutrino and astroparticle physics.
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A View on the European Strategy for Particle Physics

Worldwide, the particle physics and accelerator community is very actively working towards the
next major facility. We emphasize the need to evaluate and compare progress on linear and circular
e+e- collider designs in the 100 to 360 GeV centre-of-mass energy and their respective performance
potential for making the optimal choice.
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Submission to the European Strategy from University
of Liverpool Experimental Particle Physics Group

The Particle Physics Group at the University of Liverpool has prepared this submission to the
European Strategy Update. This was performed as a consultation process across the whole group
including academics, research scientists, engineers, and research associates.
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Ensuring the future of particle physics in a more
sustainable world

As the European particle physics community engages in an updated strategy for the coming years,
we present three recommendations that will ensure a more sustainable future for the field of par-
ticle physics in view of climate change. The text and recommendations are signed by 314 particle
physicists, representing a diverse set of the community.
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APPEC Contribution to the European Particle
Physics Strategy

APPEC strongly supports and encourages the prospects of an even stronger synergy between As-
troparticle Physics and Cosmology with Particle Physics. Areas of synergy between the above
domains are identified: dark matter and dark energy; multi-messenger astrophysics, with the re-
cently achieved discoveries of gravitational waves and the extraordinary opportunities also offered
by gamma-ray and neutrino observatories for the exploration of powerful accelerators of the uni-
verse; the current neutrino precision program in relationship with cosmology, that promise either
an unprecedented confirmation of the two standard models of Particle Physics and Cosmology,
or a gate to new physics beyond both. These synergies include R&D on photosensors, cryogenic
and vacuum techniques, optimisation of large scale infrastructures (civil infrastructure, vacuum,
cryogenics) and of their governance and long-term operation, computing strategies for analysis
and handling of large volumes of data, and policies leading to open science. Their development
also requires grounding fundamental science within society, including, outreach and education. In
view of the above synergies the present document introduces and briefly discusses four recommen-
dations related to the role of PP in i) the dark matter searches; ii) the multi-messenger astronomy,
in particular the 3G GW experiments (ET); iii) the neutrino physics; iv) the creation of a European
Center for AstroParticle Theory (EuCAPT).
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LPNHE scientific perspectives for the European
Strategy for Particle Physics

This note summarizes the activities and the scientific and technical perspectives of the Laboratoire
de Physique Nucleaire et de Hautes Energies (LPNHE) at Sorbonne University, Paris. Although the
ESPP is specifically aimed at particle physics, we discuss in this note in parallel the three scientific
lines developed at LPNHE (Particle Physics, Astroparticles, Cosmology), first with the current
scientific activities, then for the future activities. However, our conclusions and recommendations
are focused on the particle physics strategy.
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PARTICLE PHYSICS AT PIK REACTOR COMPLEX

Abstract

The Standard Model provides estimations on neutron EDM (nEDM) value on the level inaccessible
for the modern experiment: 10–30–10–33 е·сm. CP-violation (and nEDM) arises only in the second
order of smallness on the weak interaction constant. SМ fails to account for baryon asymmetry of
Universe. Search for nEDM is expected to be search for some phenomena beyond the framework
of SМ. To improve limitation on nEDM accuracy more intense UCN source is needed. UCN source
with superfluid He which is preparing at PNPI will make it possible to reach the highest UCN
density 103–104 cm−3.

Reactor Antineutrino Anomaly gives new average ratio of the observed antineutrino flux to the
expected 0.934±0.024 (2σ accuracy). The possible reason for deficiency is oscillations of neutrino
into the fourth, sterile state which has considerably less cross-section of interaction with known
particles. This assumption requires extension of ideas of the elementary particles interaction, and
in case of its detection, a new state of neutrino would be the way to a new physics.

Predicted and discovered electric fields in noncentrosymmetric crystals which may act on a neu-
tron, provide new possibilities for measuring the neutron electric dipole moment (nEDM) by the
crystal-diffraction method with the sensitivity about UCN method.

Recent detection of gravitational waves raised the question of the place of this phenomenon in
the process of matter generation in the Universe. The project PITRAP proposes to combine a
powerful source of exotic nuclides with ultra-sensitive detection of studying this phenomenon for
the experimental determination of the mass landscape of exotic nuclides involved in the process
of fast neutron capture.

Search for neutron–antineutron oscillations is another possibility of employing UCN in funda-
mental experiments at new UCN source. A transition of a neutron to an antineutron is possible
only under conditions of baryon-number violation, which is one of Sakharov’s conditions for the
formation of the Universe.
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Development of the Micro-Pattern Gaseous Detector
Technologies: an overview of the CERN-RD51

Collaboration

RD51 is a well-established collaboration with the aim to develop Micro-Pattern Gaseous Detec-
tor (MPGD) technologies, to support experiments using this technology, and to disseminate the
technology within particle physics and in other fields. Originally created for a five-year term in
2008, RD51 was extended for a third five years term beyond 2018. The rich portfolio of MPGD
projects, under constant expansion, is accompanied by novel ideas on further developments and
applications. The cultural, infrastructure and networking support offered by RD51 has been essen-
tial in this process: this effort will continue thanks to the RD51 extension. Also in the next years, a
collaborative R&D phase and the right environment will have a strong impact on project-oriented
activities - similarly to the current scenario where three of the major upgrades for the LHC exper-
iments benefited from the RD51 framework. The vast R&D program requires acquiring additional,
up-to-date expertise in advanced technologies; it is also expected to enrich our basic knowledge in
detector physics, to form a generation of young detector experts - paving the way to new detector
concepts and applications.
RD51 and MPGD success is related to the RD51 model in performing R&D: combination of generic
and focused R&D with bottom-top decision processes, full sharing of “know-how”, information,
common infrastructures. This model has to be continued and can be exported to other detector
domains.
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Inputs to European Strategy Update 2018-2020 by the
Czech particle physics community

Although the Standard Model has been very successful in predicting and interpreting current
measurements in particle physics, it has become clear that it cannot answer all the outstanding
questions. To resolve the remaining issues new theories have been developed and further mea-
surements are needed. The experience shows that diverse and complementary scientific program
is the right approach to tackle the questions. To maintain this, the Czech high-energy physics
community agreed upon a strong support of the activities listed below.
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Future strategies for the discovery and the precise
measurement of the Higgs self coupling

The European Strategy for Particle Physics (ESSP) submitted in 2013 a deliberation document to the
CERN council explaining that a lepton collider with “energies of 500 GeV or higher could explore
the Higgs properties further, for example the [Yukawa] coupling to the top quark, the [trilinear]
self-coupling and the total width.”.

In view of the forthcoming ESPP update in 2020, variations on this qualitative theme have been
applied, inaccurately, to the case of the ILC, to argue that an upgrade to 500 GeV would allow the
measurement of the Higgs potential and would increase the potential for new particle searches. As
a consequence, the strategic question was raised again whether the FCC-ee design study ought to
consider a 500 GeV energy upgrade. In this note, we revisit the ESSP 2013 statement quantitatively
and find

• that the FCC-ee can measure the total width of the Higgs boson with a precision of 1.3% –
the best precision on the market – with runs at

√
s = 240, 350, and 365 GeV, and without

the need of an energy upgrade to 500 GeV;
• that the top Yukawa coupling will have been determined at HL-LHC at the ±2.5% level,

albeit with some model dependence, without the need of 500 GeV e+e− collisions; and that
the combination of this HL-LHC result with the FCC-ee absolute Higgs coupling and width
measurements breaks the model dependence, without the need of an energy upgrade to 500
GeV;

• that, with the run plan presented for the ILC, the trilinear Higgs self-coupling can be inferred
with a 3σ significance from the double-Higgs production cross-section measurement at the
ILC500 after three decades of operation; but that the FCC-ee provides a similar sensitivity
in 15 years, from the precise measurement of the single-Higgs production cross section as
a function of

√
s, without the need of an energy upgrade to 500 GeV;

• that the same FCC-ee, with four experiments instead of two, might well achieve the first
model-independent 5σ demonstration of the existence of the trilinear Higgs self-coupling,
while a centre-of-mass energy of about 1 TeV or more is required for a linear collider to reach
a similar sensitivity in a reasonable amount of time; and that a precise measurement of the
trilinear Higgs self-coupling at the few per-cent precision level can realistically only be
provided by the combination of FCC-ee and FCC-hh, being beyond reach of lepton colliders
with a centre-of-mass energy up to at least 3 TeV.

On the new particle search front, the run plan of the FCC-ee includes an electroweak precision
measurement program that is sensitive to new physics scales up to 70 TeV. The Z factory run of
the FCC-ee with 5 × 1012 Z decays can discover particles (e.g., dark matter or heavy neutrinos)
that couple with a strength down to as little as 10−11 of the weak coupling. Finally, the FCC-
hh potential for new particle searches at high mass exceeds that of any proposed linear collider
project.

We conclude that 500 GeV is not a particularly useful energy for the lepton colliders under consid-
eration, especially for the FCC-ee. A 5σ demonstration of the existence of the Higgs self-coupling
is within reach at the energies foreseen for the FCC-ee, with a moderate change of configuration,
which certainly deserves consideration.
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