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Outline

• Where do we stand? 
• What are the main physics questions today? 
• Future accelerators 
• Update of the European Strategy for Particle Physics
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Higgs 10th Anniversary
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Last missing fundamental particle in the SM
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Is this the last missing piece?

• Is this the Standard 
Model Higgs?
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SM Higgs Lagrangian after symmetry breaking    
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Experimental duty: 
Probe the the SM Lagrangian to high precision and search 

for new physics
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Higgs boson 
couplings to 
bosons & 
fermions

• Direct measurement of 

 

Precision ATLAS & CMS 

‣ ggF: better than 10% 

‣ Other production modes: 

10-20% 

‣ BR~7-12% 

σ × BR
• ATLAS p-value: 72% 

• Similar results for CMS
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Coupling modifiers

For each interaction vertex 

introduce an effective vertex with a 

coupling modifier  

   

Current precision~3-20% 

κi
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Higgs Cross 
section in 
different 
kinematic 
regions

Probing differential 

distributions 

Combined p-value:  

‣ 94%



Probing the structure of coupling vertices
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Higgs self coupling

• Determine the shape of the Higgs potential  
• Di-Higgs production
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How does all fit together?

• Higher order corrections relate  different SM 
observables 

• Global fit 
• P-value of combined fit: 23%
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http://project-gfitter.web.cern.ch/project-gfitter/


W, top and Higgs boson masses
• , ,  related through higher order electroweak corrections 

• Need very high precision —> extremely challenging 

• Controversial experimental results on 

Mtop MW MH

MW
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Flavour anomalies
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Flavour anomalies
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• Differential branching fraction systematically low at high q2



Neutrino masses
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Many answered questions remain…

• Why is there a matter-antimatter asymmetry in the Universe? 
• What are dark matter and dark energy? 
• Why is gravity so weak? 
• Why is the Higgs boson so light (naturalness/hierarchy problem)?  
• Why three fermion families? 
• Why do neutral leptons, charged leptons and quarks behave differently?  
• What is the origin of neutrino masses and oscillations?  
• …
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Searches for 
new exotic 
particles at 
the LHC

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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Searches for 
long lived 
massive 
particles

https://atlaspo.cern.ch/public/summary_plots/
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Run I

Here we are 2040!!!



High Luminosity LHC expectations
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https://cds.cern.ch/record/2805993/files/ATL-PHYS-PUB-2022-018.pdf


High Luminosity LHC expectations
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https://cds.cern.ch/record/2805993/files/ATL-PHYS-PUB-2022-018.pdf
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What’s next?

?
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Future Colliders

International Linear Collider Compact Linear Collider

Future Circular Collider

Circular Electron Positron Collider
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Future Circular Collider

• 100 km circular collider 

• FCC-ee:  collider 

•  

• Precision physics 

• FCC-hh: pp collider 

• 100 TeV 

• Enlarge discovery potential 

e+e−

s = 91 − 350 GeV
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Future Circular Collider

• 100 km circular collider 

• FCC-ee:  collider 

•  

• Precision physics 

• FCC-hh: pp collider 

• Discovery machine 

• 100 TeV 

e+e−

s = 91 − 350GeV

Slide by P. Janot
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ILC

•  linear collider 

• Center of mass energy: 

• 250, 500, 1000 GeV

e+e−

Slide by S. Asai
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CLIC

• Linear  collider 

•

e+e−

s = 380 − 3000 GeV
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CEPC

Slide by J. Wang



   colliders — operation goalse+e−
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ILC CLIC FCC CEPC



   colliders — energies and luminositiese+e−
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Precision physics

• Complementarity ee/eh/hh colliders
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New physics searches

• Examples of sensitivity to new physics for different future colliders
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CERN-ESU-004 



41

The road towards the future colliders
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Update of the 
European Strategy 
for Particle Physics 

Provides a clear prioritisation of European ambitions in advancing 

the science of particle physics 

‣ takes into account the worldwide particle physics landscape and 

developments in related fields 

https://europeanstrategyupdate.web.cern.ch
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https://europeanstrategyupdate.web.cern.ch
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https://europeanstrategyupdate.web.cern.ch
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https://europeanstrategyupdate.web.cern.ch


Accelerators R&D Roadmap

• Lab Directory Group (LDG) mandated to develop the Accelerators R&D Roadmap 
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Accelerators R&D Roadmap development
• Intensive process during 2021  

‣ Expert panels convened in January 2021 
‣ Intensive community consultation   
‣ Interim reports at EPS-HEP Conference 

in July 2021 
‣ Interactions with national communities 

(via ECFA delegates) 
‣ Reviews by SPC (CERN Scientific Policy 

Committee) 
‣ Closed process for prioritisation, 

planning and costing 
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Accelerators R&D Roadmap
• Roadmap presented to CERN Council in Dec. 2021  

‣ Broad and deep survey of each technology area  
‣ Identification of key R&D objectives for short term and long term 
‣ Definition of delivery plans for the next five to ten years 
‣ Outline estimates of resources needs and the necessary facilities 
‣ Overarching recommendations on the future R&D programme 
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https://cds.cern.ch/record/2800190


Accelerators R&D Roadmap

• Example: high field magnet development 
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Accelerators R&D Roadmap implementation
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• LDG was mandated by Council in 
December 2021 to work out an 
implementation plan  

• First Coordination Structure 
proposed  
‣ Lightweight, causing minimal 

disruption / delay to existing 
projects  

‣ Discussions with CERN Council and 
Funding Agencies have started  



FCC Feasibility Study
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FCC Feasibility Study
• Release Feasibility Study Report by end 2025 
• Optimisation of placement and layout of the ring and demonstration of the 

geological, technical, environmental and administrative feasibility of the 
tunnel and surface areas 

• Pursue, together with the Host States, of the preparatory administrative 
processes required for a potential project approval 

• Optimisation of the design of the colliders and their injector chains 
• Elaboration of a sustainable operational model for the colliders and 

experiments (human and financial resources, environmental aspects and 
energy efficiency) 

• Identification of substantial resources from outside CERN’s budget for the 
implementation of the first stage of a possible future project  

• Consolidation of the physics case and detector concepts for both colliders
56



Future Circular Collider Feasibility Study

• Classical structure 
common to CERN 
projects 
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FCC Feasibility Study
• New lowest risk placement identified 

‣ 8 surface sites  
‣ C = 91.2 km  
‣ 4-fold symmetry and 4-fold superperiodicity  
‣ FCC-ee 2 or 4 IPs  
‣ FCC-hh 4 IPs 

• Present implementation variant was established 
considering: 
▪ Geological 3D model and tunnelling risks 
▪ 95% in molasse geology for minimising tunnel 
construction risks 
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Detectors R&D Roadmap
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Detectors R&D Roadmap
• Intensive process during 

2021 
‣ Community 

consultation 

‣ Interim reports at 
EPS-HEP Conference 
in July 2021 
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• Interactions with national communities (via ECFA delegates)  
• SPC (CERN Scientific Policy Committee)  
• Roadmap presented to CERN Council in Dec. 2021, after endorsement by Plenary ECFA in 

Nov. 2021 



Detectors R&D Roadmap Document

• Identified R&D objectives to ensure that 
detectors R&D is not the limiting factor at the 
earliest feasible start dates of a proposed facility  

• Defined Detector Research and Development 
Themes (DRDTs) and objectives 
‣ Defined priorities necessary  

• Provides also General Strategic 
Recommendations 
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https://cds.cern.ch/record/2784893


Detectors R&D Roadmap
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See presentation by S. Kuehn



Detectors R&D Roadmap Implementation

• ECFA was mandated by Council in December 2021 to work out an implementation plan  
‣ in close collaboration with the SPC, the funding agencies and the relevant research organisations in Europe and beyond  

• First implementation plan proposed 
64



ECFA studies towards  top/EW/Higgs Factorye+e−

• ECFA statement (endorsed by Plenary ECFA, July 2020): 
‣ ECFA recognizes the need for the experimental and theoretical communities involved in physics 

studies, experiment designs and detector technologies at future Higgs factories to gather 
- Supports a series of workshops with the aim to share challenges and expertise, to explore synergies in their 

efforts and to respond coherently to this priority in the European Strategy for Particle Physics (ESPP). 

• Goal: bring the entire e+e- Higgs factory effort together, foster cooperation across various 
projects, collaborative research programmes are to emerge 

• International Advisory Committee:
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ECFA studies towards  top/EW/Higgs Factorye+e−

• Kick-off workshop in June 2021 with 422 registrants 

• Central information web page: indico. Agendas for meetings and workshops: indico 

• Structure of the study: 
‣ Activities organised via three Working Groups 
‣ Community gathers for two major workshops, 2022 and 2023 
‣ Will provide a report as input to next European Strategy Update 

• Focus on e+e- potential  
‣ Includes electroweak and top factory 

- No discussion of pros and cons of various machines or alternatives to e+e- Higgs factories  

‣ Understand better the interplay between (HL)-LHC and an e+e- Higgs/EW/Top factory  
‣ Development of common tools (software, simulation, fast simulation, …), common analysis methods 
‣ Exploit synergies, discuss challenges, do not restrict to common items  
‣ Need for theoretical accuracy and MC generator improvements  
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https://indico.cern.ch/event/1033941/
https://indico.cern.ch/event/1044297/
https://indico.cern.ch/category/14055/


Working groups
• WG 1: Physics Potential 

‣  Collect, compare and harmonise the work of the different project-specific efforts  
‣ Interplay between (HL)-LHC and a future Higgs factory 

- e.g. include LHC potential on high-pT measurements and EFT interpretations 

‣ Identify specific topics where concrete work should be organised 
‣ Requirements on accuracy in theoretical calculations and parametric uncertainties, … 
‣ 5 physics teams initiated: 

- WG1-GLOB: global interpretations 
- WG1-PREC: theoretical and experimental precision 
- WG1-HTE: specific Higgs/Top/EW studies (+ connection with LHC)  
- WG1-HF: Heavy Flavour 
- WG1-SRCH: Direct searches (weakly-interacting, directly accessible particles)
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Conveners: J. Alcaraz (CIEMAT), J. De Blas (Granada), J. List 
(DESY), F. Maltoni (UC Louvain / Bologna)



Working groups

• WG 2: Physics analysis methods 
‣ Monte Carlo generators for e+e- precision EW/top Higgs factory  
‣ Software framework 
‣ Fast simulation (and its limitations) 
‣ Particle flow 
‣ Luminosity measurement 
‣ Workshops already held on topics of generators, simulation, reconstruction 

• WG3: Detector technologies 

‣ Activities launching imminently, in light of ECFA Detector R&D roadmap  
‣ Bridge between detector technology activities and detector concepts

68

Conveners: P. Azzi (INFN-Padova / CERN), F. Piccinini 
(INFN Pavia) and D. Zerwas (IJCLab/DMLab)

Conveners: M. C. Fouz (CIEMAT), G. Marchiori (APC 
Paris), F. Sefkow (DESY Hamburg)



• Plenary and parallel sessions 
‣ Discussions related to working group activities 
‣ Parallel sessions: mix of invited and submitted contributions 

• Registration Open!! @Link

First ECFA Workshop towards  top/EW/Higgs Factorye+e−
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http://www.desy.de/ecfa2022


First ECFA Workshop towards  top/EW/Higgs Factory

• Public event targeting the wider scientific community 
‣ DESY auditorium,  webcast via DESY Youtube channel  

• Focus: 
‣ big open questions in fundamental science why a future machine is needed  
‣ competition and synergy with other big-science projects 

how science fits in society; derived applications; environment  

• Speaker: H. Murayama 
• Panel:  

‣ F. Gianotti, B. Heinemann, K. Jakobs,  
‣ ‘mid-career’ experimentalist and theorist  
‣ potentially one ‘outsider’ 
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Physics Beyond Colliders
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Physics Beyond Colliders
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• Complementary methods to 
high energy frontier 

• To reconcile BSM physics with 
the non-observation in 
present experiments, new 
particles could be 
‣ very massive  
‣ very weakly interacting with 

SM particles 



Complementarity of the physics programme

• Extend the reach of high-E colliders 
through precision experiments and 
searches for rare processes 

• EDM & non-accelerator projects cover 
the very low-mass domain  

• SPS experiments (beam dump, searches 
for long-lived particles, ...) probe MeV – 
GeV domain 
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Search for long lived particles
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Search for long lived particles
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Proton Beam Dump Facility
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Slide by K. Jakobs
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Conclusions

• Many open questions in particle physics today 
‣ Long way ahead of us 

• Update of the European Strategy for Particle Physics 

‣ Highest priority future collider:  Higgs factory 

‣ Ambitious plan for the next years in order to achieve that  
• Accelerators R&D Roadmap 
• Detectors R&D Roadmap 
• FCC Feasibility Study 
• Physics Beyond Colliders programme  
• ECFA studies/workshops towards  top/EW/Higgs Factory

e+e−
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