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Let’s talk about the future

Next generation of colliders in the world

European Strategy of Particle Physics 2020

● New e+ e- collider (Higgs factory) as the highest-priority
● Hadron collider with Ecms at least 100 TeV at CERN as a longer term



Why new hadron collider?

Hadron collider as a discovery machine

Open questions in particle physics



Why new hadron collider?

Hadron collider as a discovery machine

Open questions in particle physics

Hadron collider can give answers if

● Mass of new particles is in its reach
● The detectors are sensitive enough



Why new lepton collider? More in the talk by Matej



Colliders at the market

Circular Colliders (lepton and potentially hadron 
colliders)

● FCC (Future Circular Collider, CERN)
● CEPC (Circular Electron Positron Collider, China)



Colliders at the market

Circular Colliders (lepton and potentially hadron 
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● FCC (Future Circular Collider, CERN)
● CEPC (Circular Electron Positron Collider, China)

Linear Colliders (lepton colliders)

● ILC (International Linear Collider, Japan)
● CLIC (Compact Linear Collider, CERN)
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Circular vs linear

Circular colliders

● High luminosity
● Synchrotron radiation
● Circulating reusable beams
● Synergy with future pp collider

Linear colliders

● High energy (extendable)
● No synchrotron radiation
● Beams not reusable



Circular colliders

FCC (CERN), CEPC (China)

● Electron-positron colliders which could be followed by proton-proton collider in 
~100 km long tunnel

● Different stages: Z pole, ZH, WW threshold
● Physics programme: Higgs, EW, flavor physics & QCD, probes of physics BSM
● Timeline: CEPC 30’s, FCC-ee 40’s



FCC week, San Francisco, June 2024

Higgs factory at CERN, could be followed by pp collider

● Highly synergetic and complementary programme boosting the physics reach of both colliders 
● Common civil engineering and technical infrastructures, building on and reusing CERN’s existing 

infrastructure

FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC

Future Circular Collider (FCC)

https://indico.cern.ch/event/1298458/


FCC-ee: Lepton collider

● Double ring e+e- collider (91 km)
● Asymmetric IR layout & optics to 

limit synchrotron radiation

More in the talk by Zdenek



FCC-ee: Lepton collider

● Double ring e+e- collider (91 km)
● Asymmetric IR layout & optics to 

limit synchrotron radiation

● Up to four working points
● 105 × more Z bosons compared 

to LEP

More in the talk by Zdenek



FCC-hh: Hadron collider

Order of magnitude increase wrt HL-LHC

● Centre of mass energy: 14 TeV → 100 TeV
● Total integrated luminosity: 4 ab-1 → 20 ab-1



FCC-hh: Hadron collider

Key technology: 16 T dipole magnets

● Prototype of 14.1 T Nb3Sn dipole 
magnet (Fermilab)

Order of magnitude increase wrt HL-LHC

● Centre of mass energy: 14 TeV → 100 TeV
● Total integrated luminosity: 4 ab-1 → 20 ab-1



FCC Feasibility study

Feasibility study (2021–2025)

● Optimised placement (lowest risk 
baseline 90.7 km)

● Optimisation of RF, optics, layout
● Cost estimation
● Meetings with local authorities
● Connection to the electrical grid 

infrastructure
● Environmental studies and 

preparation of geological 
investigations (drillings and seismics) 
ongoing

● Studies on environmental aspects

R&D studies for the pp accelerator are 
ongoing



Circular Electron Positron Collider (CEPC)

CEPC workshop, Nanjing, Oct 2023

The CEPC aims to start operation in 2030’s, as a Higgs (Z/W) factory in China

Physics programme: Higgs, EW, flavor physics & QCD, probes of physics BSM

Possible pp collider (SppC) of  ~ 50–100 TeV in the far future

https://indico.ihep.ac.cn/event/19316/


CEPC accelerator R&D



CEPC timeline

CEPC Accelerator 
Technical Design Report 
(TDR) released (Dec 2023)

TDR of a reference 
detector: preparation starts 
in Jan 2024, official release 
by June 2025

Start of experiments ~2036

https://arxiv.org/abs/2312.14363
https://arxiv.org/abs/2312.14363


FCC vs CEPC



“HL-FCC-ee”



FCC-ee vs CEPC: timeline

FCC

CEPC



Linear colliders - ILC, CLIC



Compact LInear Collider (CLIC)

Alternative plan @ CERN

Two beam acceleration 
techniques with an acceleration 
gradient of 100 MV/m

Acceleration cavities operating 
at room temperature 

Machine is extendable

● Three energy stages 
(380 GeV, 1.5 TeV, 3 TeV)



CLIC status

CLIC is working towards a Project Readiness Report 
2025/26 as a step toward a TDR (for next ESPP)

Focusing on:

● X-band technology readiness for the 380 GeV 
CLIC initial phase 

● Optimizing the luminosity at 380 GeV
● Improving power efficiency for both initial phase & 

high energies



CLIC development



International Linear Collider (ILC)

Location: Japon

Collision energy of 500 GeV, extendable to 1 TeV

Key technologies: SRF accelerating, nano-beam



ILC status

TDR published in 2013, progress towards to final technology choice and engineering design, 
optimization of the cost

Approval of the project

● MEXT (represents Japanese government) didn’t approve the original Pre-Lab proposal 
(Feb 2022, newsline)

● April 2023: factor of 2 increase on KEK funding for ILC R&D by MEXT
● ILC Technology Network (ITN) is launched: memorandum between KEK & CERN signed
● Promotion under leadership by International Development Team (IDT), KEK and 

ILC-Japan

If ILC project does not seem very likely, new linear collider proposals sited in US (discussed in 
Snowmass 2022): C3

https://newsline.linearcollider.org/2022/03/22/from-kek-next-step-toward-the-ilc-realization-mext-expert-panel-publishes-recommendations/


Common software More in the talk by Juraj



Detectors for future facilities

Common effort started by ECFA

Detector R&D Collaborations

● Hosted at CERN
● Several CZ/SK institutions are parts of these collaborations 

More in the talk by Filomena



Timelines



Words by F. Gianotti (director of CERN)



More words by F. Gianotti



Future colliders and CZ/SK

Charles Uni (CZ) is a member of FCC Collaboration



To conclude

FCC is the main future CERN project

Would you like to join?

● Many areas where you can contribute (physics studies, theoretical 
calculations, detector development, accelerator physics, common software, 
…)

● Our group at Charles Uni will be happy to help you as much as we can



To conclude

FCC is the main future CERN project

Would you like to join?

● Many areas where you can contribute (physics studies, theoretical 
calculations, detector development, accelerator physics, common software, 
…)

● Our group at Charles Uni will be happy to help you as much as we can

Talk with your university teachers and supervisors 
about joining the FCC Collaboration

It’s your future
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Future e+e- colliders















FCC: electricity









CEPC detector R&D


