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1. Introduction

The European Particle Physics Strategy Update (EPPSU) is the process through which the Eu-
ropean community reviews and updates the priorities and strategy of the field of particle physics [1].
The process, involving a broad community consultation, culminates into a strategy driven by sicen-
tific questions but also taking into account technical and financial feasibility.

The first such European Particle Physics Strategy was initiated by CERN Council in 2005 and
concluded in 2006 [2]. An update to this strategy was later endorsed by CERN Council in 2013 [3].

The process to prepare a second update to this strategy was launched by the CERN Council in
September 2018 [4]. This new Strategy Update, taking into account the global nature of the field
and developments in related fields, will guide the direction of particle physics into the mid-2020s
and beyond.

2. EPPSU Process

The overall strategy update process is coordinated by the Strategy Update Secretariat (SUS) [5].
The strategy document is drafted by the European Strategy Group (ESG) [6]. The ESG is assisted
in this task by the Physics Preparatory Group (PPG) [7]. The PPG is charged with preparing the
scientific contribution to the work of the ESG, in a so-called “Briefing Book” document. The strat-
egy update is finally adopted by the CERN Council and the CERN Director-General is responsible
for its implementation.

Figure 1 summarizes the process and timeline of key events for the update of the European
Particle Physics Strategy. The process was officially launched in September 2018. An Open Sym-
posium was organized and held in Granada, Spain, in May 2019. The actual strategy will be drafted
in January 2020, in time to be submitted to and approved by the CERN council in May 2020.

In response to a call for community inputs issued in February 2018, a total of 160 written
submissions were received. These submissions were processed by the PPG and organized into 11
different categories. The scientific program of the CERN Council Open Symposium on the update
of the European Strategy for Particle Physics was then developed based on these written inputs.

3. Open Symposium Highlights

The CERN Council Open Symposium on the update of the European Strategy for Particle
Physics [8] was held on 13-16 May 2019, in Granada, Spain. The symposium consisted of both par-
allel and plenary sessions, organized and convened by members of the PPG. Parallel sessions were
organized around 8 different themes: Accelerator science and technology, Instrumentation and
computing, Electroweak physics, Strong interactions, Neutrino physics, Beyond Standard Model
(BSM) at colliders, Dark matter and dark sector, Flavour physics and CP violation. The plenary ses-
sions contained presentations on the current status of the field, summaries of inputs from different
communities, and summaries from parallel sessions. The format of the symposium was designed
to provide sufficient time for detailed discussions to take place. A total of 603 participants attended
the symposium, 12% of whom came from outside Europe.
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Figure 1: Diagram summarizing the process and timeline of key events in the 2020 European Particle
Physics Strategy Update [9].

While it is impossible to summarize the wealth of information that was presented and dis-
cussed at the symposium, the following paragraphs present a few selected highlights chosen by the
author. The interested reader is encouraged to directly review all the documents presented at the
symposium that can be accessed directly from the symposium agenda page [8].

On the first day of the symposium, a status update of the implementation of the 2013 European
Particle Physics Strategy Update was presented by the CERN Director-General [10]. Some of the
notable accomplishments to date reported included, but are not limited to,

• the completion of the LHC Run-2 data taking campaign, with accelerators, detectors and
computing performance exceeding expectations;

• the approval of the High Luminosity LHC (HL-LHC) project by CERN Council in June
2016;

• accelerator R&D work and design studies such as those carried out for next generation su-
perconducting magnets, CLIC, FCC, and AWAKE;

• the establishment of the CERN neutrino platform in 2014;

• the setting up of a Physics Beyond Colliders Study group in 2016, charged to explore com-
pelling projects complementary to high-energy colliders;
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• the start of a new project, in 2018, for the education of the general public: the Science
Gateway project.

Perspectives on the European Strategy Update from communities in the Americas [11] and
Asia [12] were also presented.

From a physics point of view, it was made clear that this is a very interesting yet puzzling time
for particle physics. The properties of the Higgs boson are so far compatible with those expected
from the Standard Model (SM), neutrinos have masses not acquired within the strict confines of
the SM, there are no (additional) signs of the existence of new physics phenomena beyond the SM
in the various particle physics experimental projects, there is compelling evidence for the existence
of dark matter in the universe with no candidate particle(s) in the SM, and there is an observed
prevalence of matter over anti-matter in the universe. To address these puzzles, the particle physics
community is engaged in a rich and diverse research program, as presented at the symposium.

This research program includes the detailed study of strong interactions in different energy
regimes spanning several orders of magnitude. These studies aim to understand, for example, the
properties of hadrons (e.g. proton radius, proton inner structure), how properties of the quark-gluon
plasma (QGP) emerge from the fundamental interactions of quantum chromo-dynamics (QCD), as
well as include precision tests of QCD predictions. Furthermore, the experimental knowledge and
theoretical understanding of QCD is vital to succeed in the exploration of nature in other areas
of research such as the study of neutrino properties, the electroweak sector, flavour physics and
searches for BSM.

The outstanding sensitivity to BSM physics processes in the flavour sector was presented,
as well as the strong synergy that exists between low-energy precision and high-energy frontier
experiments in flavour physics. The coming years will be very interesting for flavour physics, as
several physics programs come into full swing and new experiments are being designed.

The study of neutrinos provides a complementary window to search for BSM physics. A
diverse experimental program focused on understanding the properties of these elusive particles
was presented, with the goal of ultimately understanding what may be the new physics mass scale.

Beyond neutrino physics, it is clear that there is a strong physics case for multi-messenger
physics, with a high impact on particle physics. One example of this is in the exploration of the
dark side of the universe. Here, particle physics experiments are desiged to cover an extremely
wide ranges of energy scales, using a variety of different experimental techniques. Discussions
at the symposium pointed to an emerging consensus on the need for more coordination between
accelerator based, direct detection and indirect detection dark sector searches, for the common
interpretation of results. Better coordination will also be of fundamental importance to validate,
through different channels, a possible dark matter discovery.

Discussions also took place in Granada regarding other important research ingredients nec-
essary to achieve the desired scientific outcomes. One of these ingredients is the detector R&D
work needed to address the technological challenges faced by future experiments such as micron
resolution with very low mass, picosecond time resolution, very high radiation tolerance, ability to
combine features, high-performance photodetectors, very large area coverage at low cost, etc. An-
other ingredient enabling our scientific outcomes is the implementation of an effective computing
infrastructure. Addressing the computing challenges of future experimental projects will require
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carefully planned and coordinated R&D efforts on many fronts. Also, it was shown that the need to
extract physics in the most efficient way given a fixed amount of resources requires an increasingly
"holistic" approach to the design of experiments. For example, the detector design decisions such
as geometry or segmentation can either ease or place a huge burden on the offline computing and
simulation. Finally, underlying these different research ingredients are the scientists themselves.
For the future of the field it is crucial to address human factors such as the training of the next gen-
eration of experts, and the successful recruitment and retention of the most talented researchers, by
providing, for example, interesting career opportunities for detector and computing experts.

Finally, the assessment and comparison of different proposed future collider projects was also
a key topic of discussion at the symposium. Figure 2 shows a summary of the main collider projects
discussed, along with some of their characteristics such as center-of-mass energy, integrated lumi-
nosity, power and cost. Some of the major technological challenges for each collider project are
summarized in Figure 3. These include, for hadron colliders, the development of high-field mag-
nets, and for lepton colliders, the production of high-Q/high gradient superconducting RF cavities.
Another challenge for the field of particle physics is the very long timescales involved in the devel-
opment and construction of the next collider project(s).

Figure 2: Table summarizing some of the characteristics of the main collider projects considered by the
community [13]. Note that the entry in red was added to this table after the symposium at the request of the
ESG, based on discussions that took place during the symposium.

At the symposium, the status of development of future accelerator technologies was also pre-
sented. This included presentations on ongoing R&D work to realize a muon collider and on recent
developments in plasma wakefield acceleration. It was shown that, in order to address key chal-
lenges of future accelerator techologies, vigorous R&D in a strongly coordinated global effort is
required.
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Figure 3: Summary table of some of the major technological challenges of future collider projects consid-
ered by the community [14].

A comparison of the physics reach of different proposed future collider projects was also
presented [15, 16]. For example, Figure 4 shows the expected relative precision (%) of κ parameters
(Higgs coupling strength modifier parameters) achievable at different future colliders in the study
of Higgs interactions with different particles. This comparison was carried out not only for different
collider programs but also for different combinations of experiments. Comparisons of the physics
reach of different collider projects in BSM searches were also presented [17].

4. Next steps

The next step in the European strategy update process is the preparation of the Briefing Book.
The Briefing Book will summarize the written inputs submitted by the community and the out-
comes of the symposium. This document will be prepared by members of the PPG and is expected
to be ready by September 2019 1.

Some of the community feedback and considerations that have been raised to date include

• an emerging consensus for the importance of a “Higgs factory” to fully explore properties of
the Higgs boson, electroweak sector, etc;

• the need to prepare a clear path towards achieving the highest energy;

• the need for vigorous R&D in accelerator technologies, detectors and computing for realizing
future projects;

1The Briefing Book [18] is now publically available at the time of publication of these proceedings.
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Figure 4: Expected relative precision (%) of κ parameters (Higgs coupling strength modifier parameters)
achievable at different future colliders in the study of Higgs interactions with different particle [15, 16].

• a strong case for the support of a diverse research program in particle phyics, e.g. comple-
menting the energy frontier with precision measurements, both from a physics point of view
as well as to ensure that particle physics remains attractive over the long development time
scales of future projects;

• the importance of further exploiting synergies and complementarities between fields;

• the need for adequate support for theory development and tools;

• the importance for the development and preservation of expertise in detector, accelerator and
computing areas;

• the importance of communication of particle physics goals and interests to other fields of
science and to society;

• the need to consider innovative ways to increase research funding.

5. Summary

The process to update the European particle physics strategy is ongoing and will conclude with
the approval, by the CERN Council, of an updated strategy, in May 2020. As part of this process, an
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Open Symposium was organized and took place in Granada, Spain in May 2019. Members of the
PPG are currently drafting the Briefing Book document to be submitted to the ESG in September
2019 2. The strategy will be drafted by the ESG in January 2020. It is clear that this is a very
exciting, yet challeging, time for particle physics.
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