2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group
See europeanstrategyupdate.web.cern.ch and the (COVID delayed) Snowmass process in US.
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Major developments
from the 2013 Strategy

A Since the recommendation in the 2013 Strategy to proceed with the programme
of upgrading the luminosity of the LHC, the HL-LHC project, was approved by the
CERN Coungil in June 2016 and is proceeding according fio plan. In parallel, the LHC
has reached a cenire-of-mass energy of 13 TeV, exceeded the design luminosity, and
produced a wealth of remarkable physics results. Based on this performance, coupled
with the innovative experimental techniques developed at the LHC experiments and
their planned detector upgrades, a sng'uhcanth_.r enhan:ed ph'grsms putenhal is expected
with the HL-LHC. The reguired hig - —

full physics potential of the LHC S v 7
physics and the quark-gluon pa'ma mnun'dha cxpiail'od.

B. The existence of non-zero neutrino masses is a compelling sign of new
physics. The worldwide neutring physics programme explores the full scope of the rich
neufrino sector and commands strong support in Europe. Within that programme, the
MNeutrino Platform was established by CERN in response to the recommendation in the
2013 Strategy and has successfully acted as a hub for European neutrino research at
accelerator-based projects outside Europe. Europe, and CERN through the Neutrino
Platform, should continue to support long baseline experiments in Japan and the
United States. In particular, they should continue o collaborate with the United
States and other international partners towards the successful implementation of

the Long-Baseline Neutrino Facility (LBNF) and the Deep Underground Neutrino
Experiment (DUNE).
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been developed. The successful completion of the high-luminosity upgrade of
the machine and detectors should remain the focal point of European particle
physics, together with continued innovation in experimental technigques. The
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General considerations
for the 2020 update

A, Europe, through CERN, has world leadership in accelerator-based particle
physics and related technologies. The future of the field in Europe and beyond depends
on the continuing ability of CERN and its community o realise compelling scientific
projects. This Strategy update should be implemented to ensure Europe's
continued scientific and technological leaders hip.

B. The European organisational model centred on dose collaboration between
CERN and the national institutes, laboratories and universities in its Member and
Associate Member States is essential to the enduring success of the field. This has
proven highly effective in harnessing the collective resources and expertise of the
particle, astroparticle and nuclear physics communities, and of many interdisciplinary
research fields. Another manifestation of the success of this model is the collaboration
with non-Member States and their substantial contribution. The particle physics
community must further strengthen the unique ecosystem of research centres
in Europe. In particular, cooperative programmes between CERN and these
research centres should be expanded and sustained with adequate resources in
order to address the objectives set out in the Strategy update.

C. The broad range of fundamental guestions in particle physics and the
complexity of the diverse facilities required to address them, together with the need

for an efficient use of resources, have resulted in the establishment of a global

particle physics community with common interests and goals. This Strategy takes

into account the rich and complementary physics programmes being undertaken by
Europe's partners across the globe and of scientific and technological developmenis in
neighbouring fields. The implementation of the Strategy should proceed in strong
collaboration with global partners and neighbouring fields.
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High-priority future
Initiatives

A, An electron-positron Higgs factory is the highest-priority next collider. For the
longer term, the European particle physics community has the ambition to operate a
proton-proton collider at the highest achievable energy. Accomplishing these compelling
goals will require innovation and cutting-edge technology:

« the particle physics community should ramp up its R&D effort focused
on advanced accelerator technologies, in particular that for high-field
superconducting magnets, including high-temperature superconductors;

« Europe, together with its international partners, should investigate the technical
and financial feasibility of a future hadron collider at CERN with a centre-of-mass
energy of at least 100 TeV and with an electron-positron Higgs and electroweak
factory as a possible first stage. Such a feasibility study of the colliders and
related infrastructure should be established as a global endeavour and be
completed on the timescale of the next Strategy update.

The timely realisation of the electron-positron International Linear Collider {ILC)
in Japan would be compatible with this strategy and, in that case, the European
particle physics community would wish to collaborate.

B. Innovative accelerator technology underpins the physics reach of high-energy
and high-intensity colliders. It is also a powerful driver for many accelerator-based
fields of science and industry. The technologies under consideration include high-field
magnets, high-temperature superconductors, plasma wakefield acceleration and other
high-gradient accelerating structures, bright muon beams, energy recovery linacs.

The European particle physics community must intensify accelerator R&D and
sustain it with adequate resources. A roadmap should prioritise the technology,
taking into account synergies with international partners and other communities
such as photon and neutron sources, fusion energy and industry. Deliverables for
this decade should be defined in a timely fashion and coordinated among CERN
and national laboratories and institutes.
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Other essential scientific
activities for particle physics

A. The quest for dark matter and the exploration of flavour and fundamental
symmetries are crucial components of the search for new physics. This search can

be done in many ways, for example through precision measurements of flavour
physics and electric or magnetic dipole moments, and searches for axions, dark sector
candidates and feebly interacting particles. There are many options to address such
physics topics including energy-frontier colliders, accelerator and non-accelerator
experiments. A diverse programme that is complementary to the energy frontier is an
essential part of the European particle physics Strategy. Experiments in such diverse
areas that offer potential high-impact particle physics programmes at laboratories
in Europe should be supported, as well as participation in such experiments in
other regions of the worid.

B. Theoretical physics is an essential driver of particle physics that opens new,
daring lines of research, motivates experimental searches and provides the tools
needed to fully exploit experimental results. It also plays an important role in capturing
the imagination of the public and inspiring young researchers. The success of the
field depends on dedicated theoretical work and intense collaboration between the
theoretical and experimental communities. Europe should continue to vigorously
support a broad programme of theoretical research covering the full spectrum
of particle physics from abstract to phenomenological topics. The pursuit of
new research directions should be encouraged and links with fields such as
cosmology, astroparticle physics, and nuclear physics fostered. Both exploratory
research and theoretical research with direct impact on experiments should be
supported, including recognition for the activity of providing and developing
computational tools.

C. The success of particle physics experiments relies on innovative
instrumentation and state-of-the-art infrastructures. To prepare and realise future
experimental research programmes, the community must maintain a strong focus

on instrumentation. Detector R&D programmes and associated infrastructures
should be supported at CERN, national institutes, laboratories and universities.
Synergies between the needs of different scientific fields and industry should
be identified and exploited to boost efficiency in the development process and
increase opportunities for more technology transfer benefiting society at large.
Collaborative platforms and consortia must be adequately supported to provide
coherence in these R&D activities. The community should define a global

detector R&D roadmap that should be used to support proposals at the European
and national levels.

D. Large-scale data-intensive software and computing infrastructures are an
essential ingredient to partide physics research programmes. The community faces
major challenges in this area, notably with a view to the HL-LHC. As a result, the
software and computing models used in particle physics research must evolve to meet
the future needs of the field. The community must vigorously pursue common,
coordinated R&D efforts in collaboration with other fields of science and industry,
to develop software and computing infrastructures that exploit recent advances
in information technology and data science. Further development of internal
policies on open data and data preservation should be encouraged, and an
adequate level of resources invested in their implementation.

12
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B. Theoretical physics is an essential driver of particle physics that opens new,
daring lines of research, motivates experimental searches and provides the tools
needed to fully exploit experimental results. It also plays an important role in capturing
the imagination of the public and inspiring young researchers. The success of the
field depends on dedicated theoretical work and intense collaboration between the
theoretical and experimental communities. Europe should continue to vigorously
support a broad programme of theoretical research covering the full spectrum
of particle physics from abstract to phenomenological topics. The pursuit of
new research directions should be encouraged and links with fields such as
cosmology, astroparticle physics, and nuclear physics fostered. Both exploratory
research and theoretical research with direct impact on experiments should be
supported, including recognition for the activity of providing and developing
computational tools.

Scientific
Drversity

e.g. Quantum technologies for
fundamental physics, physics beyond
colliders...

The first Quantum Sensors for Fundamental Physics Community Workshop,
October 2018, St. Catherine’s College, Oxford, attended by more than 140
scientists from the EPSRC and STFC communities, NQTP Hubs and UKRI ©
Stuart Bebb, Department of Physics, Oxford

13




© Theory

yx axis logarithmic for 7
% ATLAS ' I p-val (Sherpa)=0.22 % Data ?
- H = 4 ©  10Ws=13TeV, 139 fb” p-val (Powheg)=0.09x Powheg qg—4! + X4
ther essential scientific g 2% sharpa oo X
e e w N . £ 1 X=gg—4l+H-41: VWV HEV(V)]
activities for particle physics 2 .0 I
—— HV(V)+VVV
10°2 3
A. The quest for dark matter and the exploration of flavour and fundamental 103 ]
symmetries are crucial components of the search for new physics. This search can
be done in many ways, for example through precision measurements of flavour 10-%
physics and electric or magnetic dipole moments, and searches for axions, dark sector Z— HHiggdb—————> On-shell ZZ
candidates and feebly interacting particles. There are many options to address such 10°° H = Off-shell 22
physics topics including energy-frontier colliders, accelerator and non-accelerator £ 15l o # ,
experiments. A diverse programme that is complementary to the energy frontier is an % i :
X ) ) <] - / ) ]
essential part of the European particle physics Strategy. Experiments in such diverse 5 1 ldd A
areas that offer potential high-impact particle physics programmes at laboratories 2 y ELT
in Europe should be supported, as well as participation in such experiments in [ T i J
other regions of the world. 50 100 150 200 300 500 700 1000
B.  Theoretical physics is an essential driver of particle physics that opens new, arXiv:2103.01918 My [GeV]
daring lines of research, motivates experimental searches and provides the tools

needed to fully exploit experimental results. It also plays an important role in capturing
the imagination of the public and inspiring young researchers. The success of the
field depends on dedlcated theoretlcal work and intense collaboration between the
theoretical and.a ST T aRe s hould continue to vigorously

o anopm. The pursuit of
new rnnrch directions shom'd be enoourmdand links with fields such as .

cosmology, astroparticle physics, and nuclear physics fostered. Both exploratory arXiv:2006.04822
research and theoretical research with direct impact on experiments should be

WE recognition for the activity of providing and developing arXiv:2104.03281
computational tools.

—_—

Standard Model
Prediction

175 180 185 19.0
a,x10 14




Detector Development

Organization to structure the consultation with the community

[ RECFA

regular reports & final document

Plenary ECFA
final d forc it de

Detector R&D Roadmap Panel

assist ECFA to develop & organise the process and to deliver the document

Coordinators: Phil Allport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey
assist ECFA to identify technologies & conveners
Ex-officio: ECFA chairs (previous and present), LDG representative
Scientific Secretary: Susanne Kuehn

]—D Publication

Advisory Panel with
other disciplines

e.g. APPEC, NuPECC,
LEAPS, LENS, Space, ...

Erika Garusti

TF#1 TF#2 TFiH3 TF#4 TF#5 TF#6 TF#7 TF#8 TF#9
Gaseous Liquid Solid State Photon Quantum & Calorimetry Electronics & On- Integration Training
Detectors Detectors Detectors Detectors & Emerging detector
PID Technologies Processing
anma caiea [ — rr— Nevile Harnew Macel Demartens —— Dave Newbold FrankHarmann Johann collt
peter ki MichaelDaser Haman Possch Franceis Vsey Werner Rigier
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[ Consultation with the particle physics community & other disciplines with technology overlap

C. The success of particle physics experiments relies on innovative
instrumentation and state-of-the-art infrastructures. To prepare and realise future
experimental research programmes, the community must maintain a strong focus

on instrumentation. Detector R&D programmes and associated infrastructures
should be supported at CERN, national institutes, laboratories and universities.
Synergies between the needs of different scientific fields and industry should
be identified and exploited to boost efficiency in the development process and
increase opportunities for more technology transfer benefiting society at large.
Collaborative platforms and consortia must be adequately supported to provide

activities. The community should define a global
tector R&D roadm. should be used to support proposals at the European
and national levels.

European Committee for

ECFA Detector R&D Roadmap

12 April 2021 to 7 May 2021

Europe/Zunch timezone

Search... /O
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Software and Computing

Home > News > Tackling big data challenges for next-generation experiments

Tackling big data challenges for next-
generation experiments

N7

Related content

= Upgrade to Large Hadron Collider
underway

D. Large-scale data-intensive software and computing infrastructures are an
essential ingredient to partide physics research programmes. The community faces
major challenges in this area, notably with a view to the HL-LHC. As a result, the
software and computing models used in particle physics research must evolve to meet
the future needs of the field. The community must vigorously pursue common,
coordig i collaboration with other fields of science and industry,
. infrastructures that exploit recent advances
r'n i grdal: smenne Further development of internal

Wyon should be encuurage:l‘, and an
adequate bve D =1 their implementation.
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Synergies with
neighbouring fields

A A variety of research lines at the boundary between particle and nuclear
physics require dedicated experiments and facilities. Europe has a vibrant nuclear
physics programme at CERN, imludng the heavy-ion program ;

physics, and CERN should continue to co0rG
mutual interest.

B. Astroparticle physics, coordinated by APPEC in Europe, also addresses
guestions about the fundamental physics of particles and their interactions. The ground-
breaking discovery of gravitational waves has occurred since the last Strategy update,
and this has contributed tu burgeumng multl-messmger observations of the universe.
Synergies ler e pag st v sics shﬂm‘d be strengthened
through& atiogin areas of common
interest and mutual b

17



Challenges and
opportunities

that go beyond our
particles...

<

Organisational issues

A An ambitious next-generation collider project will require global collaboration
and a long-term commitment to construction and operations by all parties. CERN
should initiate discussions with potential major partners as part of the feasibility
study for such a project being hosted at CERN. In the case of a global facility
outside Europe in which CERN participates, CERN should act as the European
regional hub, providing strategic coordination and technical support. Individual
Member States could provide resources to the new global facility either through
additional contributions made via CERN or directly through bilateral and
multilateral arrangements with the host organisation.

B. The particle physics community and the European Commission have a strong
record of collaboration. The relations hip between the particle physics community
and the European Commission should be further strengthened, exploring
funding-mechanism opporiunities for the realisation of infrastructure projects
and R&D programmes in cooperation with other fields of science and industry.

C. European science policy is guickly moving towards Open Science, which
promotes and accelerates the sharing of scentific knowledge with the community at
large. Particle physics has been a pioneer in several aspects of Open Science. The
particle physics community should worl with the relevant authorities to help
shape the emerging consensus o 2 Jo be adopted for publicly-
funded research, and should then implement a policy of Open Science for the
field.
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D. Exploring the fundamental properties of nature inspires and excites. It is
‘ ’ part of the duty of researchers to share the excitement of scientific achievements
with all stakeholders Standard Model, a well~

Broad community of

Environmental and ‘ it
N . scientists to m!'ens#y engagement between scientific disciplines. The particle
SOCI e ta l I m p a ct physics community should work with educators and relevant amhmnes‘tn

explore the adoption of basic knowledge of elementary particles and their
interactions in the regular school curriculum.

A The energy efficiency of present and future accelerators, and of computing
facilities, is and should remain an area reqguiring constant attention. Travel also
represents an environmental t:hallenge due tu the international nature of the field.
The enwmnmenta! impa : s activities shw.‘d' eann'nue to

enwrmmen!‘al impact and for the saving and re-use of energy should be par
of the approval process for any major project. Alternatives to travel should be,
aced and encouraged.

Challenges and

B. Particle physics, with its fundamental questions and technological innovations, ‘L)
attracts bright young minds. Their education and training are crucial for the needs OPPO r t u n Z tles
of the field and of society at large. For early-career researchers to thrive, the

particle physics epmmumly should p{aee sn'eng emphasis on their supervision

S L e e that Q0 beyond OuUr

Tt T i s e particles...

C. Particle physics has contributed to advances in many fiel t have brought

associated societal impact is important at all phases of particle physics proj
Particle physics resean:h cenires shwﬁ:‘ pmnmte knr.m‘fedge and technol
transfer and si i rese 1 article physres
mmunity should engage mth rndus!r}' fo lhmﬁ‘!ate knowledge fra .
nological development.

(e.g.) ECFA Early

Career Researcher
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