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Particle Physics: Where do we want to go ?

The SM is a huge success… 

 

but 

 

we have been so far unlucky in getting 
answers to many fundamental questions ! 

2

Shamelessly stolen from Gavin Salam
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The Higgs Boson at the core of the SM

But we have been lucky in 
discovering a 125 GeV Higgs boson 

(many decay channels accessible !) 

 

It opens a door to the most 
mysterious part of the Standard 

Model  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The Higgs Boson at the core of the SM
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The Higgs Boson at the core of the SM
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Discovery of the Higgs: EW Symmetry 
Breaking and generation of masses of 
gauge bosons
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The Higgs Boson at the core of the SM
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Observation of Yukawa couplings: 
mass generation for the fermions !
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The Higgs Boson at the core of the SM
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Probing the Higgs potential: HOW did the 
EWSB happen ? Implications for early 
universe and future of our universe
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The Higgs Landscape
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Links to many mysteries of the SM !



Broad consensus:
The next collider should be a

Higgs Factory
followed by an exploration machine

at 10 TeV p-c.o.m
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The International Landscape outside Europe
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● Studies towards an ILC 
continue 

● Establishment of ILC 
Technology Network 

Japan China USA

● Mature design of CEPC 
○ TDR for accelerator 

(2023) and detector 
(2025) 

● Not selected to go in 
the next 5-year plan 

● No interest in hosting 
next collider: support 
CERN FCC-ee project 

● Focus on muon 
collider R&D for 
next-to-next gen 

See Taikan Suehara talk 
on Tuesday

https://indico.in2p3.fr/event/35255/contributions/163471/attachments/97934/150869/251118-p2i-suehara.pdf
https://indico.in2p3.fr/event/35255/contributions/163471/attachments/97934/150869/251118-p2i-suehara.pdf
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Landscape in Europe: ESPPU 2025-2026 Update
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● What is the main project ? (plan A) 
● What are the fallback options, in case A is deemed 

not feasible, or if another major international project 
proceeds on a faster timeline ? 

What should be the next major collider project at CERN ?

https://europeanstrategy.cern/
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Future project timeline: mid 2040s
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From Marumi Kado on Monday

https://indico.in2p3.fr/event/35255/contributions/165287/attachments/97877/150767/Marumi.pdf
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Main projects proposed
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FCC-ee/hh CLIC

● Linear collider with electron drive beam 
○ 11.4 – 29.6 km for 380 GeV – 1.5 TeV 

 
● 4.3 – 4 ab-1 at 380 – 1.5 TeV over 20 years 

○ Higgs, top, searches 

● 90.7 km circular collider at CERN 
○ e+e- up to 365 GeV then pp 

collider ~ 80 TeV 
○ 4 Interactions Points 

 
● Highest Luminosity e+e- collider 

○ Higgs, top, EW, flavour factory 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Main projects proposed

● Repurpose @ CERN of ILC proposal 
○ 33.5 km linear collider 
○ 250 GeV and 550 GeV 
○ 2 experiments sharing luminosity 

 
● Higher lumi: 3 – 8 ab-1 at 250 – 550 GeV 

over 19 years 
○ Higgs, top, searches 
○ Excursion to Z for EW measurements 

 
● Could go to higher energies with new 

tech 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Muon ColliderLCF (ILC SRF tech)

● 3.2 TeV µ+µ- collider 
○ Upgrade to 7.6 TeV possible 
○ New 10km tunnel for collider 

 
● Requires extensive R&D programme 

○ Muon cooling 
○ High field magnets 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Projects proposed as “intermediate” projects
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LEP3 LHeC

● e-p collider @ 1.2 TeV 
○ HL-LHC beam 
○ 50 GeV e- from 

8.9km ERL 
○ 1 experiment 

 
● 1 ab-1 over 6 years 

○ PDF + Higgs 
+  QCD + EW 

● e+e- collider in the LHC tunnel 
○ 91 GeV to 230 GeV 
○ 2 experiments 
○ Re-use part of FCC developments 

 
● 53 – 2.3 ab-1 at 91 – 230 GeV 

○ Higgs, EW and Flavour 



Tokyo, 21/11/2025N. Morange (IJCLab)

Technical Assessment: ESG WG2a

Evaluation of: 

● Scope 
● Technical Readiness Level 
● R&D Status and plans 
● Tests facilities 
● Performance uncertainty 
● Site Preparation 
● Schedule uncertainty 
● Cost uncertainty 
● Risks definitions 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Amazing work performed in short time !

Link 

https://cds.cern.ch/record/2947728/files/ESG_WG2a_Final.pdf
https://cds.cern.ch/record/2947728/files/ESG_WG2a_Final.pdf
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Technical Assessment: ESG WG2a
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Amazing work performed in short time !
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Technical Assessment: ESG WG2a
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Amazing work performed in short time !

Huge success of the FCC Feasibility Study !
All green for technical assessment !
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Technical Assessment: ESG WG2a
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Amazing work performed in short time !

More work needed to ensure feasibility of FCC-hh
R&D on magnets needs to be continued
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Technical Assessment: ESG WG2a
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Amazing work performed in short time !

LCF proposal (250-500 GeV) benefits from work 
conducted for ILC
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Technical Assessment: ESG WG2a
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Amazing work performed in short time !

LEP3 is a very recent proposal
Significant uncertainties to be lifted
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Technical Assessment: ESG WG2a
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Amazing work performed in short time !

LHeC performance depends critically on ERL for 
electron beam

Importance of PERLE demonstrator @ Orsay
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Technical Assessment: ESG WG2a
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Amazing work performed in short time !

Significant R&D needed on all fronts to make a 
muon collider a reality some day
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Physics potential comparison: the Briefing Book
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Comparisons and combinations on equal footing

Link 

https://cds.cern.ch/record/2944678
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Physics potential comparison: the Briefing Book
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Comparisons and combinations on equal footing

Link 

All main projects proposed 
are good Higgs Factories 

“Intermediate” projects have 
degraded performance by 
some factor

https://cds.cern.ch/record/2944678
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Not only Higgs physics

Electroweak and flavour factories 

● Huge improvement from large WW and 
(tera-)Z statistics expected 
 

● Powerful tool to search for SM deviations 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Searches for new physics 

● Depending on models / types of 
particles, benefit from highest 
energies or from precision 
measurements 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Large support for FCC-ee in Europe and abroad
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Cailin Alexa, 
presentation at Open 
Symposium 

https://agenda.infn.it/event/44943/contributions/265700/attachments/137706/208497/ESG%20WG1%20report%20v15.2.pdf
https://agenda.infn.it/event/44943/contributions/265700/attachments/137706/208497/ESG%20WG1%20report%20v15.2.pdf
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The FCC-ee project

● 90.7 km circular collider at CERN 
○ e+e- before moving to pp collider 

● Highest Luminosity e+e- collider 
○ LEP1 every 2 minutes at Z pole ! 

● 4 Interaction Points 
● Huge work done for the Feasibility 

Study 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2×106 H 2×106 tt
5×105 H

6×1012 Z

2.5×108 WW

https://arxiv.org/pdf/2505.00272
https://arxiv.org/pdf/2505.00272
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FCC-ee Physics Programme
Extremely broad ! Excellent complementarity with HL-LHC
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Leap Forward on the Higgs
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Leap Forward on the Higgs

Higgs Factory precision: 

● Up to order of magnitude 
improvement on almost 
all Higgs couplings 
○ Coupling to charm 

quark guaranteed 
at %-level 
 

● Down to few per-mille 
precision 
 

● Significant improvement 
on λ3 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Leap Forward on the Higgs

Unique prospects 

● Complete the Yukawa 
picture for 2nd 
generation fermions 
 

● Tantalizing close to 
SM sensitivity to ye !!! 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Leap Forward on the Higgs

Plus: 

● mH at 4 MeV 
○ Required for H pole 

run 
 

● ΓH at 0.8% 
○ Absolute couplings ! 

 
● BRinv < 5 ✕ 10-4 

○ Higgs portal / DM 
 

● CP properties 
○ δfCP

HZZ < 5 x 10-5 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The ultimate EW precision
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A real challenge for theory calculations, detectors and the machine !

Improved theory calculations needed to: 

● Extract the SM parameters from 
measurements 

● Provide predictions to compare to 
measurements 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The ultimate EW precision
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A real challenge for theory calculations, detectors and the machine !

For detectors: quest for low systematics 

● Know all acceptances with very 
high precision ! 

● Precise positioning + monitoring 
● Determination of efficiencies 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The ultimate EW precision
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A real challenge for theory calculations, detectors and the machine !

High precision on beam knowledge 

● Beam energy measurement 
○ Resonant depol. for 100 keV on Z mass 

● Luminosity measurement 
○ Bhabha and γγ events for 10-4 precision 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Indirect searches: no stone left unturned
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● Granada catalogue: classification of all particles that can couple linearly to SM 
particles (dim 6 EFT) 
○ 10 TeV reach in many cases, just from EWPO ! 

● Indirect searches can set the scale for next collider from EFT measurements 

Higgs + Electroweak precision + Flavour physics: cover everything !

arxiv:2408.03992 

https://arxiv.org/pdf/2408.03992
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Conclusions

● A next generation collider post HL-LHC is needed to solve the mysteries of the SM 
○ Higgs Factory 
○ Exploration of 10-TeV energy scales 

 
● Given the long timescales involved for any project, a decision should be taken 

soon 
○ Importance of the ESPPU process 
○ Both “major” and “intermediate” projects proposed 

 
● Broad support for the FCC-ee as next collider 

○ Full Higgs Factory programme 
○ And so much more 
○ Outstanding physics and challenges for the whole community ! 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A Pivotal Moment for Particle Physics



Additional Material
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Dark Matter Landscape

30 orders of 
magnitude in 

interaction 
strength 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Snowmass Dark Matter Report, 2209.07426

30 orders of 
magnitude in mass 

https://arxiv.org/abs/2209.07426
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New ideas for ultimate precision: αEM(mZ) case

● Current limiting factor: running from hadronic 
contribution at low energies 
 

● New proposal: use ratios of e+/e- and µ-/e- 
measured at different angles 
○ Different sensitivities to Z and photon exchanges 
○ Low theory uncertainties 
○ Combining the measurements can reduce 

sensitivity to sin θW 
 

● Even better than direct determination from AFB 
off-peak (other recent proposal) 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Risk of bottleneck for Z precision programme !

arxiv:2501.05508v1 

https://arxiv.org/html/2501.05508v1
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Flavour + Higgs + EW as a probe to new physics

● H → ττ at 1% 
● Aτ at 10-4

 
● B → Kνν at 3% 
● LFV τ / µ at 10-4 

42

Simplified model: S1 scalar leptoquark


