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• It is a document that will set the road of European particle physics in 
the future, in coordination with projects from around the world, such 
that particle physics benefits the most


• The Physics Preparatory Group prepares the scientific contribution 
from the community to the European Strategy Group, which drafts a 
proposal of the European Strategy for Particle Physics to the CERN 
Council to make a final decision
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• Long-range planning of European high-energy facilities

• ECFA is advisory to CERN Council and others

• Physicists from Member States of CERN participate in ECFA


• For Czech Republic: Jana Bielcikova, Marek Tasevsky, Tomas Davidek
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What is ECFA

website

https://ecfa.web.cern.ch/content/terms-reference
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• Astroparticle European Physics Consortium responsible for coordinating and funding 
national research efforts in astroparticle physics


• Also releases European Astroparticle Physics Strategy
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What is ApPEC and NuPPEC

• Nuclear Physics European Collaboration Committee develops the strategy in nuclear 
science by supporting collaborative ventures between research groups in Europe


• Releases a “Long range plan” document

• For Czech republic: Vladimir Wagner
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The road of strategies
Long-term strategy for 

Particle Physics
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• The main focus is the LHC 
• The highest priority is to fully exploit the physics potential of the LHC, resources for completion of the initial programme 

have to be secured such that machine and experiments can operate optimally at their design performance; R&D for 
machine and detectors has to be vigorously pursued now and centrally organised towards a luminosity upgrade by 
around 2015

10

Strategy in 2006

• Coordinate the European activity with the ILC project 
• It is fundamental to complement the results of the LHC with measurements at a linear collider. There should be a strong 

well-coordinated European activity, including CERN, for the ILC design and technical preparation …

• Coordinate with ApPEC and NuPECC

• …

website

http://council-strategygroup.web.cern.ch/council-strategygroup/
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Large Hadron Collider

The Large Hadron Collider

• LHC was successfully built and its performance (especially in 
Run 2) was exceptional
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Large Hadron Collider

The Large Hadron Collider

• LHC was successfully built and its performance (especially in 
Run 2) was exceptional

19th September 2008
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Large Hadron Collider

The Large Hadron Collider

• LHC was successfully built and its performance (especially in 
Run 2) was exceptional

Higss boson discovery announcement, 4th July 2012
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Strategy in 2006

• Coordinate with ApPEC and NuPECC

• …

s

• Coordinate the European activity with the ILC project 
• It is fundamental to complement the results of the LHC with measurements at a linear collider. There should be a strong 

well-coordinated European activity, including CERN, for the ILC design and technical preparation …
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International Linear Collider (ILC)

website

• e+e- collider with √s = 0.5 TeV (upgradeable to 1 TeV)

• precision Higgs and top programme and beyond

• 20 km long tunnel with 2 all-purpose detectors at the 

interaction point

• International project, supposed to be built in Japan

• The decision process is still in progress

• Project now downgraded to √s = 250 GeV

• Just above the production threshold of HH pair

https://ilchome.web.cern.ch
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Strategy in 2006

• Coordinate with ApPEC and NuPECC

• …

s
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Joint meeting JENAS

• First meeting in October 2019



Katarina Krizkova Gajdosova | CTU in PragueWEJCF 2020 | 16th January 2020

• Exploit the full potential of the LHC 
• The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s properties. 

Europe’s top priority should be the exploitation of the full potential of the LHC, including the high-luminosity upgrade and 
detectors with a view to collecting ten times more data than in the initial design, by around 2030.

19

Update to the Strategy in 2013

• Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update 
• To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious post-LHC 

accelerator project at CERN by the time of the next Strategy update, when physics results from the LHC running at 14 TeV 
will be available. CERN should undertake design studies in a global context, with emphasis on pp and ep high-energy 
frontier machines, coupled to R&D of high-field magnets, high-gradient accelerating structures, …

• Europe looks forward to a proposal from Japan to discuss a possible participation 
• There is a strong scientific case for an ep collider complementary to the LHC. The TDR has been completed, with large 

European participation. The initiative from the Japanese particle physics community to host the ILC in Japan is most 
welcome, and European groups are eager to participate.

• Europe should explore the possibility of major participation in leading long-baseline neutrino projects 
in the US and Japan.

website

http://europeanstrategygroup.web.cern.ch/europeanstrategygroup/
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• Successfull Run1 and even better Run2 behind us

• Now preparing for Run3 (most important for heavy-ion experiments)

21

Exhaustive program at the LHC
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Major upgrades
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• Objective is to increase the luminosity by 10 times the LHC 
design value

• E.g., it will produce 15M Higgs bosons/year (now it is only 3M)

• Top priority of the strategy 2013


• The whole LHC will undergo major upgrades

• “Crab cavities” for tilting the beams at interaction points

• More compact and powerful bending magnets (11 T compared to 8 T)

• Two new shafts at Points 1&5 (CMS and ATLAS sites)

• …


• Also Pb-Pb collisions are under consideration

• But the ALICE experiment will probably not be able to cope with this

23

HL-LHC

Technical Design Report

http://inspirehep.net/record/1635816
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• When the luminosity is too high for ALICE, there are two options discussed about how to use 
the interaction Point 2

26

New experiment at Point 2

Option 1) 
• All silicon light detector to study ultra-soft QCD (a “better” ALICE)

• Parts of the detector inside the beam pipe !


• Installed during LS4

• arXiv: 1902.01211

https://arxiv.org/abs/1902.01211?
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New experiment at Point 2

Option 2) 
• LHeC project, which can run in parallel to HL-LHC 

• ep or eA collisions with up to √seh ~ 1.3 TeV


• J.Phys.G.: Nucl.Part.Phys. 46 (2019) 123001

• When the luminosity is too high for ALICE, there are two options discussed about how to use 
the interaction Point 2

Option 1) 
• All silicon light detector to study ultra-soft QCD (a “better” ALICE)

• Parts of the detector inside the beam pipe !


• Installed during LS4

• arXiv: 1902.01211

http://inspirehep.net/record/1763593?ln=en
https://arxiv.org/abs/1902.01211?
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• Exploit the full potential of the LHC 
• The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s properties. 

Europe’s top priority should be the exploitation of the full potential of the LHC, including the high-luminosity upgrade and 
detectors with a view to collecting ten times more data than in the initial design, by around 2030.
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Update to the Strategy in 2013

• Europe looks forward to a proposal from Japan to discuss a possible participation 
• There is a strong scientific case for an ep collider complementary to the LHC. The TDR has been completed, with large 

European participation. The initiative from the Japanese particle physics community to host the ILC in Japan is most 
welcome, and European groups are eager to participate.

• Europe should explore the possibility of major participation in leading long-baseline neutrino projects 
in the US and Japan.

• Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update 
• To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious post-LHC 

accelerator project at CERN by the time of the next Strategy update, when physics results from the LHC running at 14 TeV 
will be available. CERN should undertake design studies in a global context, with emphasis on pp and ep high-energy 
frontier machines, coupled to R&D of high-field magnets, high-gradient accelerating structures, …
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• Upgrade of the LHC to achieve 2 times higher energies than its original nominal value

• With 16 T magnets being developed for the purpose of the FCC

• pp collisions with √s ~ 27 TeV


• It will be a new collider, the old LHC would have to be decommissioned and dismantled

• Also a “new SPS” will be necessary for higher injection energies


• Possible extension to eh collider HE-LHeC (energies up to √seh ~ 1.7 TeV)

30

High Energy LHC (HE-LHC)

1
23

stop of HL-LHC
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Compact Linear Collider (CLIC)
website

• e+e- collider

• Designed to study HH, 

tt production and more

• Acceleration via a drive 

beam

http://clic-study.web.cern.ch
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Compact Linear Collider (CLIC)
website

2013-2019 
Development Phase

2020-2025 
Preparation Phase

2026-2034 
Construction Phase

2019-2020 
Decisions (Strategy)

2025 
Construction Start

2035 
First Beams

http://clic-study.web.cern.ch


Katarina Krizkova Gajdosova | CTU in PragueWEJCF 2020 | 16th January 2020 34

Future Circular Collider (FCC)
website
website

https://fcc-cdr.web.cern.ch
https://fcc.web.cern.ch/Pages/default.aspx
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• Similarly as LEP (precision machine), LHC (discovery machine) and HL-LHC upgrade

35

FCCee + FCChh

1 18 4333 70

FCCee FCChh
√s ~ 88-365 GeV √s ~ 100 TeV
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FCCee + FCChh
• Similarly as LEP (precision machine), LHC (discovery machine) and HL-LHC upgrade
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• Disadvantage over CLIC: cannot reach such high energies

• Although it is enough for all SM related processes


• Advantage over CLIC: achieved luminosity

37

FCCee

CERN-ACC-2019-0003

FCCee

CepC

CLICILC
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• A possibility of a heavy-ion program

• Pb-Pb collisions with √sNN ~ 39 TeV

• p-Pb collisions with √sNN ~ 63 TeV


• Possibility to be extended to an electron-hadron collider

• ep collisions up to √sNN ~ 3.5 TeV, e-Pb collisions √seN ~ 2.2 TeV

• Continuation of the LHeC

38

FCChh

Timeline 

without


prior

FCCee

1
23

operation
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• Exploit the full potential of the LHC 
• The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s properties. 

Europe’s top priority should be the exploitation of the full potential of the LHC, including the high-luminosity upgrade and 
detectors with a view to collecting ten times more data than in the initial design, by around 2030.

39

Update to the Strategy in 2013

• Europe should explore the possibility of major participation in leading long-baseline neutrino projects 
in the US and Japan.

• Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update 
• To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious post-LHC 

accelerator project at CERN by the time of the next Strategy update, when physics results from the LHC running at 14 TeV 
will be available. CERN should undertake design studies in a global context, with emphasis on pp and ep high-energy 
frontier machines, coupled to R&D of high-field magnets, high-gradient accelerating structures, …

• Europe looks forward to a proposal from Japan to discuss a possible participation 
• There is a strong scientific case for an ep collider complementary to the LHC. The TDR has been completed, with large 

European participation. The initiative from the Japanese particle physics community to host the ILC in Japan is most 
welcome, and European groups are eager to participate.
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International Linear Collider (ILC)

website

• e+e- collider with √s = 0.5 TeV (upgradeable to 1 TeV)

• precision Higgs and top programme and beyond

• 20 km long tunnel with 2 all-purpose detectors at the 

interaction point

• International project, supposed to be built in Japan

• The decision process is still in progress

• Project now downgraded to √s = 250 GeV

• Just above the production threshold of HH pair

https://ilchome.web.cern.ch
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Update to the Strategy in 2013

• Undertake design studies to be able to propose a post-LHC accelerator at the next Strategy update 
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Neutrino projects

Deep Underground Neutrino Experiment (DUNE) website
One of the experiment where CERN is participating:

https://www.dunescience.org
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ProtoDUNE @ CERN
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• The goals of the Strategy Upgrade 2013 seem to be advancing well

• There is time for a new Strategy Update 2020

• This one will have big impact on the far future: we should decide on which 

future accelerator will be the main focus of European particle physics 
community

44
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The Long-term Strategy in 2020
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Czech input to the Strategy
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Czech input to the Strategy
• Full exploitation of the physics potential of the CERN LHC 
• Continuation in a strong participation in both ATLAS and ALICE experiments

• Strong endorsement of a new successor project of ALICE at the LHC

• R&D of detector and new accelerator technologies 
• … in order to secure CERN its know-how and ability to build new experiments and accelerators in the future

• Support the ILC project in Japan 

• Support the EIC project in USA

• Lower energy experiments (e.g. ISOLDE, …)

• Neutrino experiments (DUNE, JUNO, consider participation in Hyper-Kamiokande)

• Computing development

• Theoretical physics program (collaboration between theorists and experimentalists)

• Cooperation with astroparticle and nuclear physics communities 
• Cooperation with ApPEC: Pierre Auger Observatory

• Cooperation with NuPECC: FAIR at GSI, as well as smaller experiments

• Outreach
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The Long-term Strategy in 2020
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• > 200 pages

• > 700 references

50

arXiv: 1910.11775

http://arxiv.org/abs/arXiv:1910.11775
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• Electroweak Physics (W,Z,H,t,QED)

• Flavour Physics and CP violation (quarks, charged leptons, rare processes)

• Dark Matter and Dark Sector

• Accelerators Science and Technology

• Beyond Standard Model at colliders

• Strong Interactions (QCD, DIS, heavy-ions)

• Neutrino Physics

• Instrumentation and Computing

51

Main topics discussed in the BF
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• Some scenarios may depend on decisions outside of Europe (i.e. to be verified at the next Strategy 
update in about 7 years, when HL-LHC will start)


• An advanced acceleration technologies may come in for the second generation colliders, thus it can 
be updated/changed


• LHeC can potentially be added to all scenarios

52

Main strawman scenarios
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Main strawman scenarios
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The juniors enter the game

After all, a decision is being made, which will affect us.
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• Early-Career Researchers (ECR) were invited by ECFA to 
debate and express their opinions to the current European 
Strategy Update


• We all met at CERN on 15th November 2019 for a whole-day 
discussion, which was followed by a survey collecting 
quantitative input (180 delegates)


• A report document from the ECR debate was put together and 
handed to the chair of ECFA on 10th January 2020

• The chair of ECFA promised that they will consider our document 

during the Drafting Session of the Strategy Update on 20-24th 
January 2020


• Eventually, the document will be put on arXiv

55

The juniors enter the game
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The juniors enter the game
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The juniors enter the game
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The Long-term Strategy in 2020

ECR report 
document
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Results of the survey
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Results of the survey
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• Originally, the discussion was split into sections:

• Environment and Sustainability

• Electroweak and Strong Physics

• BSM, Dark Matter and Dark Sector

• Neutrino, Flavour and Cosmic Messenger Physics

• Accelerator and Detector R&D

• Computing and Software


• After the meeting in November, the sections were extended with

• Human and sociological factors

63

Views of ECR to the Strategy Update
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• “ECRs feel that the attractiveness of our field is at risk and that dedicated actions need to be taken to 
save its future” …. “The European Strategy Update must therefore include sociological and 
sustainability aspects in addition to technical ones …”

• “funding for non-permanent positions is converted to funding for permanent positions, i.e. fewer post-docs in 

exchange for more staff”

• “establish a permanent ECR committee as part of ECFA”
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Views of ECR to the Strategy Update
HUMAN AND SOCIOLOGICAL FACTORS
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Views of ECR to the Strategy Update

• “possibility for a healthy work-life-balance and the reconciliation of family and a scientific career is a 
must” …

• Such topics were only partially discussed in the Briefing Book and ECRs want to emphasise their importance in the 

report

• Future project evaluations and strategy updates should include the social impact in their implementation

• Project-oriented short-term funding -> base-funding, enabling the institutions to realise a healthier and more family-

friendly environment with a larger fraction of permanent positions

• Reasonable work-life balance should not come into effect only after a successful permanent job application

• Having children often translates to less mobility -> less possibilities to take part in conferences and workshops


• “equal recognition and career paths for the various domains of our field have to be established to 
maintain expertise in the field”

• Equal recognition: areas such as detector R&D does not receive such recognition as physics analysis, although they 

play an essential role for progress in experimental particle physics

• Strengthening the networks with the “outside world” of industry could be beneficial to the field

HUMAN AND SOCIOLOGICAL FACTORS
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Views of ECR to the Strategy Update

• “Laboratories such as CERN have a unique position and responsibility in society. A strong statement 
from CERN putting the environment and sustainability at the forefront of decision-making would have a 
significant impact.“

• More considerations should be put to the environmental impact of future collider scenarios (construction and disposal 

of large infrastructure)


• In order to increase researcher’s visibility, an unnecessary amount of journeys to conferences and 
workshops is done

• Job market in academia is highly competitive, leading to ECRs to prioritise career concerns over environmental 

considerations

• Travel and conference schedules should be seriously assessed to reduce the amount of travel and the associated 

carbon footprint

ENVIRONMENT AND SUSTAINABILITY
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Views of ECR to the Strategy Update
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Views of ECR to the Strategy Update
PHYSICS
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Views of ECR to the Strategy Update

• No clear consensus on which future collider should be pursued due to clear advantages being offered 
by different areas

• e+e- machine: Precision couplings of Higgs, factory of W,Z,H,t

• hh machine: BSM searches, PDFs, hot and dense QCD

• Better collaboration between theory and experiment, and between different observatories (neutrino + gravitational 

waves + gamma ray telescopes, …)

PHYSICS



Katarina Krizkova Gajdosova | CTU in PragueWEJCF 2020 | 16th January 2020 80

Views of ECR to the Strategy Update

• Concerns have been raised about whether the key numbers stated in the Briefing Book allow for a fair 
comparison of the various projects

ACCELERATOR AND DETECTOR R&D

• Software and computing must be recognised not only as means to do physics analyses, but as research 
that requires a high level of skill

• Innovation in physics analysis [code] should minimise the time to produce physics results allowing more person-

power to be allocated to areas where innovation and development is truly needed

COMPUTING AND SOFTWARE
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Preferred future collider scenario

• “ECRs emphasise the importance of a 
European collider project soon after HL-
LHC” … “postponing the choice of the next 
collider project at CERN to the 2030s has 
the potential to negatively impact the future 
of the field”

FUTURE OF THE FIELD
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The Long-term Strategy in 2020
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The road of strategies
Long-term strategy for 

Particle Physics


