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Future colliders, luminosity and power



Initially  e+e- collisions at least at 250 GeV
• Linear colliders: 11 (Higgs) -> 50 (max) km for 

higher energies later
• Four different RF solutions drive the designs
• Can be built anywhere …   

LC projects discussed below 
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ILC in Japan CLIC at CERN 

C3 - US based study (initially)   HALHF – anywhere   



“LC vision”  - an adaptable e+e- LC facility for the world 

Start with an affordable, technologically-ready initial e+e- collider “Higgs Factory” 

Upgrade to higher energy / luminosity as technologies become ready and affordable 

using the same or improved versions of the same technology, e.g. as suggested for ILC, CLIC, C3 and HALHF.

• Starting point for fast implementation: ILC has the most mature linac technology for large scale implementation, that 
is also well established in all regions and in industry  - it is based on a 20-21km long and ~6-10m wide tunnel

• The physics at higher energies – Higgs sector and extended models with increased reach and precision, top in detail 
well above threshold, searches and hopefully new physics  – will open for a very exciting long term e+e- programme 
(see Jenny’s slides)

• Such a programme can run in parallel with future hadron and/or muon colliders that can be developed, optimised 
and implemented as their key technologies mature 

• ...or directly 550...800 GeV if CEPC in China? 
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“Site agnostic”



2nd Beam Delivery System (BDS) to 2nd Interaction Region, served “quasi-concurrently”, by switching on 

train-by-train basis have been designed for ILC & CLIC.







Linear Collider Inputs to the EPPSU – “LC vision”
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• Expect each LC project  (ILC, CLIC, C3, HALHF, …) to make "Project Submissions”

• project overviews with accelerator bias 

• Joint LC Submission (physics focus)

• physics at a LC from 90 GeV to multi-TeV (use references to existing documents, but highlight specifically 

• need for >= 500 GeV and polarised beams

• new results since Snowmass

• a joint strategic vision for a Linear Collider Facility incl. upgrades, beyond collider etc — at any location in the world

• Expect some Detector Concepts (ILD, SiD, …) to make a “Detector Concept Submissions” 

• “LC facility at CERN” submission (i.e. starting with ILC as outlined )

Adapted from Jenny List



Accelerator R&D Roadmap



Roadmap, implementation for plasma acceleration (draft)



Implications for Norway?
• No current accelerator and detector activites towards FCC

• But open to contribute towards FCC, if it goes head

• Most of our accelerator activites related to the LC vision

• Funded for the next 5+ years

• R&D towards compact acceleration -> large spin-off potential

• A possible update of the ESU: delayed decisions and “vigourous accelerator R&D needed” ?

• Norwegian roadmap document: currently reflecting the above statements, we are well prepared 

• Questions/viewpoints?   *We’ll also have a general discussion at the end)



Extra



Advantages: 
• Synchrotron radiation E4/m4

• A TeV muon collider ring is small and can fit to the size of existing labs 
• Beamstrahlung (synchrotron radiation as two beams collide) also E4/m4

Challenges: 
• Cooling and acceleration must be fast (<< 2.2 ms)
• Muon beams from proton drivers has large 6D emittance and must be 

cooled by a factor ~100
• Decay electrons leads to radiation, imposes heavy shielding for ring 

magnets and detector

The Muon Collider

IMCC

Towards a muon collider, EPJ C, 2023

https://muoncollider.web.cern.ch/
https://link.springer.com/article/10.1140/epjc/s10052-023-11889-x
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CERN “standard” running 
scenario used to convert to 

annual energy use

Power at 250-380 GeV in the 100-150 
MW range for the projects above, 
reaching ~500 MW at 3 TeV for CLIC

With a running scenario on the right 
this corresponds to 0.6-0.8 TWh
annually 

CERN is currently consuming 1.2 – 1.3 
TWh annually 

Includes studies of overall designs optimisation to reduce power, SRF cavities (grad,Q), cryo efficiency, RF power 
system (klystrons, modulators, components), RF to beam efficiencies, permanent magnets, operation when 
power is abundant, heat recovery, nanobeam and more.
Recent overview (LINK)

Power and energy

https://indico.desy.de/event/39980/contributions/150572/attachments/85304/113322/linear-colliders.pptx


Timelines in Snowmass Energy 
Frontier summary 
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Comments: 

• Timelines are technologically 
limited – except the CERN 
projects that are linked to 
completion of the HL-LHC

• From Meenakshi Narain EF 
summary Snowmass


