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European Strategy for Particle Physics 

• European Particle Physics Strategy Update  

 (periodicity ~5 ans) process: 2018-2020 

• Driven by: European Strategy Group 

 (Chair: H.Abramovicz) 

 Physics Preparatory Group 
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Symposium 

• CERN Council Open Symposium on the Update of 

European Strategy for Particle Physics 

• 13-16 May 2019 - Granada, Spain  

 603 participants 

 160 written documents submitted 

 Parallel sessions 

 Electroweak Physics 

 Flavour Physics and CP violation 

 Dark Matter and Dark Sector 

 Accelerator Science and Technology 

 Beyond the Standard Model at colliders 

 Strong Interactions 

 Neutrino Physics 

 Instrumentation and Computing 

 ~20 plenary talks 
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Future lepton colliders 

ILC (Japan) 

CLIC (CERN) 

FCC-ee (CERN) 

CEPC (China) 
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Future hadron colliders 

FCC-hh (CERN) 

HE-LHC(CERN) 

SppC (China) 

Future e-h colliders 
FCC-eh (CERN) 

LHeC(CERN) 

HE-LHeC(CERN) 

Consensus: 
e+e- should be the next priority 



LHC/HL-LHC 
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HL-LHC: 
Data up to ~2038 ! 



Why studying the Higgs @ the percent level precision ? 

• Mass generation for bosons and fermions (Yukawa couplings) 

• Mass, , JCP  source of CP violation ? 

• Triple Higgs coupling: hhh  Higgs Potential 

• H  invisible 
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Higgs sector is a window for new physics 



Why studying Higgs couplings ? 
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Higgs studies with e+e-Zh 
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e+e-
t tbar h 
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 Different luminosity options 



Future collider specifications 
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Common s~250 GeV  Zh production 
Different high s capabilities 



Future collider specifications 
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Z pole program  Tera-Z 
Also possible for ILC (Giga-Z) 



Z pole physics (@ s = 91 GeV) 
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Potential issue: Theoritical uncertainties 

Comparisons needed between Tera-Z (FCCee) and Giga-Z (ILC) 

Is it decisive in a global SM fit ? 



Future collider specifications 
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Linear Colliders  Higher s accessible 



Future collider specifications 
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2 IPs or more  only circular 



Future collider specifications 
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Beam Polarisation  only linear colliders 



Future collider specifications 
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Circular Colliders  higher luminosity @ 250 GeV 



Is luminosity the only figure of merit ? 
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Polarisation  ~ factor 2 effect 



Future collider specifications 
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Is expected lifetime of physicists the main parameter ? 



What will be your age of retirement ? 
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Maturity and technological challenges 
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ILC has a TDR 



Maturity and technological challenges 
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LHC ~115 MW 
Whole CERN ~ 200 MW 

Is a machine beyond ~ 250 MW reasonnable ? 



Maturity and technological challenges 
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s ~ 250 GeV machine  ~ 5-6 Billions except FCCee ~ 12 B  
FCCee + FCChh ~ 29 B 
Costly upgrades and or options  
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16 T magnet to reach 100 TeV @ FCChh 



Hadron Collider Magnets (FCC-hh) 
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16 T = 25 years before production … 



e+e- Higgs physics program 

• Kappa framework versus EFT 

  framework : relative deviation from SM value 

 

 

 Effective field Theory (SMEFT) 

 Formalism to test new physics 

 

 

 

 

 

 

 Polarisation effects « included » 

• Model independant in e+e- colliders 

 direct access to full width of higgs boson 

 HL-LHC Hypothesis: |V| =< 1 

• Different levels of simulation/reco 

 From Full simulation to parametric models (DELPHES, etc.) 

• 20% differences are likely to be unsignificant ! 
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Be cautious with comparisons ! 
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Invisible / Untagged   
e+e- colliders: direct measurement of h -> invisible through full width  

|V| =< 1 

Kappa 
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SMEFT 
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SMEFT 

The 4 e+e- projects are very comparable in performances… 



Other approaches ? 

• Muon colliders 

 

 

 

• Plasma acceleration 
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TDRs: not before ~2035 

TDRs: not before ~2035 



Summary (and personnal opinions) 

• Consensus for a 250 GeV e+e- machine 

 4 viable projects with similar performances in Higgs sector 

 Large political and funding uncertainties 

 Large scale projects reaching a glass ceiling ? 

• CERN’s future is a major concern in the community 

 Which main project ? 

 Funding limitations up to ~ 2028 (HL-LHC) 

 Only one R&D program ? (FCC or CLIC) 

 Constant budget ? 

 New model for CERN ? 

 Leading role for projects outside CERN ? 

 Leading role for accelerator R&D 

• The salvation may (will) come from diversification 

 Intensity frontier & Flavour physics 

 Belle II & LHC-b 

 Tau-charm factories 

 Beam dump experiments 

 Dark matter searches 

 Multi-messengers astroparticles 

 New accelerator technologies (muons, plasma, etc.) 
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backup 
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Flavours: light sector (not covered…) 

• Electric Dipole Moment (EDM) 

 Neutron: ILL, ESS, PIK, PSI, TRIUMF,  

SNS, LANL, JPARC, etc. 

 proton 

 

 

• Lepton Flavour Violation (LFV) 

 MU2E, COMET, MEG  

 

 

• Rare Kaon decays 

 KOTO (J-PARC), KLEVER (CERN) 
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Can probe very high scales  > 104 TeV 



Future of flavour physics 

• LHCB & BelleII 

 

 

 

 

 

 

• Charm factories 

• Tau factories 

 LFV in tau decays 

 Lepton universality 
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Dark matter searches 
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HE-LHC 
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Muon colliders 
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Muon colliders 
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Z pole 

• Caveat: No complete studies done @ ILC/CEPC 
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