
Accelerators for High Particle and Nuclear Physics 

• Accelerators being constructed 

• HL LHC, neutrino facilities (US and Japan), EIC, FAIR 

• Accelerators being studied – likely next large Particle Physics Machine 

• Higgs factory options

• A few words about the Snowmass process (wrt accelerators) completed this summer 

• HL-LHC, fast Higgs factory (possible timelines), Hadron or Muons – US push for C3 and Muon 

collider technologies 

• Accelerator R&D, European Roadmap process 

• Magnets, RF, Muons, Plasma and Energy Recovery

• A slide on muon collider studies 

• Norway and national accelerators 

• Small electron linacs for research – a possibility for us ?
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High-Luminosity LHC (HL-LHC)

Injectors upgrade in LS2: to provide beams of intensity and brightness 

needed for HL-LHC: 2.3x1011 p/bunch, ε~ 2.1 μm at LHC injection 

Excellent performance upon restart in 2021 → target parameters 

needed for HL-LHC already achieved/exceeded in some cases

Required brightness for

multi-bunch LHC beams

already achieved (exceeded!) 

at the Booster

LS2

LHC Injectors Upgrade (LIU) completed

Phase-1 upgrades: major for LHCb and ALICE 

LS3

Installation of HL-LHC machine 

Phase-2 upgrades of ATLAS and CMS

LHCb and ALICE plan 

major upgrades in LS4

(2033-2034)
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Luminosity goals until 2042 

Seem reasonable to assume Norwegian physicists will be involved to the end

(including upgrades in LS3 and LS4) – protons and ions  



EIC
Please see presentation in Norwegian 
strategy meeting in March by Alexander 
(Sasha) Bylinkin

Link to slides 
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Plannned for 2030-32, 

do we (and CERN) get 

involved – and if yes how 

much? 

https://indico.cern.ch/event/1107499/contributions/4733940/subcontributions/372561/attachments/2406624/4117090/EIC_Norway_Mar_11_22.pdf


e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Physics Detectors

Damping Ring

Need e+e- collisions at least at 250 GeV, four main alternatives 
(plus various less developed ideas): 

ILC in Japan (linear)                FCC at CERN (ring)

CLIC at CERN (linear)             CEPC in China (ring) 

Linear colliders: 13 (Higgs) -> 50 (max) km to get 
to 1-3 TeV

Rings ~100km, can be used for protons 
after 

Link to talk in our Strategy meeting in the 
Spring: slides `

Higgs factories 

https://indico.cern.ch/event/1107499/contributions/4733940/subcontributions/372559/attachments/2406117/4116196/Higgsfactories.pdf


Higgs factories – a few comments 

ILC: 

International effort led by ICFA, with strong European 

participation from many laboratories. 

For the first time the Science Ministry in Japan has 

submitted a request to the Finance ministry for more 

technology development funding.

If sucessful will lead to increased European (and US) 

efforts from 2023.

CLIC: 

Collaboration continue towards readiness report 

2025-26. 

Focus on X-band RF systems (including many 

initiatives on smaller linacs for the technology), 

power reductions and nanobeams (the two latter 

overlapping with ILC).

FCC-ee: 

Feasibility study towards 2025-26, focus on layout in 

the local area and financial feasibility (and lately also 

power/energy concerns).

Complemented by technical studies for acc. and 

detector. By now a large study. 

CEPC: 

Moves forward towards a TDR ~end of the year –

needed for seeking any level of approval later.

Very large effort across academia, research institutes 

and industries. Significant regional interest for hosting.

Less international (including European) involvement 

than ~3-4 years ago (access and funding difficult). 

Comments:

• Several projects with various pluses and minuses. 

• Will take time before the dust settles but hopefully clearer in ~5 years. Current energy/inflation situation does not help.

• Norwegian involvement limited (largest one CLIC acc. development). 

• Will be important also for us in Norway to outline the longer term acc. future (in the Higgs area) in ~5-7 years   





Indicative scenarios of future 
colliders [considered by ESG]

2020 207020402030 2050 2060

Ja
p

an
C

ER
N

ILC: 250 GeV 
2 ab-1

CepC: 90/160/240 GeV

100/6/20 ab-1

500 GeV
4 ab-1

FCC-ee:  90/160/250 GeV 

-150/10/5 ab-1

C
h

in
a

SppC: 75-125 TeV, 10-20 ab-1

Proton collider
Electron  collider
Muon  collider

2080

Construction/Transformation

2090

Original from ESG by UB
Updated  July 25, 2022 by MN

UB

350-365 
GeV 1.7 ab-

1

20km tunnel 

100km tunnel 

100km tunnel, installation 

50 km tunnel 

FCC hh: 100 TeV ≈ 30 ab-1 

1 TeV
≈ 4-5.4 ab-1

31km tunnel 40 km tunnel 

5 years

Preparation / R&D

29 km tunnel 

2038 start physics

2035 start physics

2048 start physics

LHC              HL-LHC (14TeV, 3 ab-1) 
(13.6TeV, 450 fb-1 )

installation 



Proposals emerging  from this Snowmass for a US based collider

CCC

Muon Collider

• Timelines technologically limited
• Uncertainties to be sorted out

• Find a contact lab(s) 
• Successful R&D and feasibility demonstration for CCC and Muon Collider
• Evaluate CCC progress in the international context, and consider proposing an ILC/CCC  

[ie CCC used as an upgrade of ILC] or a CCC only option in the US.            
• International Cost Sharing

• Consider proposing hosting ILC in the US.

Possible scenarios of future 
colliders

2020 207020402030 2050 2060

Proton collider
Electron  collider
Muon  collider

2080 2090
UB

Preparation / R&D
U

SA

CCC: 250 GeV 
2 ab-1

550 GeV
4 ab-18 km tunnel 

2 TeV
≈ 4 ab-15 years

muC:Stage
1
3 TeV

OR 4km+6km km ring 

Stage2
10 TeV; 
≈ 10 ab-1

13 years

RF upgrade

10km & 16.5 km tunnels

4km & reuse Tevatron 
ring Note: Possibility of 

125 GeV or 1 TeV at Stage 1

2045 start physics

2040 start physics

Original from ESG by UB
Updated  July 25, 2022 by MN

Construction/Transformation



P5 chair 

Snowmass outcome for the Energy Frontier puts emphasis on fast Higgs-factory (anywhere), muon 

alternative or complement to hadrons longer term, and no coupling between them (in time and space)

…. plus many other physics topics outside the EF ....
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European Accelerator and Detector R&D

Following ESPP recommendation, roadmaps developed in Europe (with US participation) → approved by CERN’s Council Dec. 2021

Investment in R&D is essential for the future of the field!

Implementation plans being developed and organizational structures

being established (US participation in these collaborations would be 

very much welcome).   



Muon collider collaboration 
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Possible to join muon collaboration (acc or phys/det), 

also an EU design study 

ESS and Uppsala members 
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NTNU 2021 - Steinar Stapnes

Photon (from electrons) and hadron therapy (protons and ions) 

50 mill patients treated with photons

NTNU 2021 - Steinar Stapnes

An intense beam of electrons is produced in a 
photoinjector, accelerated to around 100 MeV and then 
is expanded, shaped and guided to the patient.

Flash: Very short and intense radiation, sparing of 

healthy t issue 

FLASH VHEE (very high energy electron) therapy

CLIC technology for a FLASH VHEE facility 

being designed in collaborat ion with 

Lausanne University Hospital (CHUV)
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NTNU 2021 - Steinar Stapnes

Synchrotron Light Sources: about 50 storage ring based

60‘000 users world-wide

Established, mature technology

From L.Rivkin EPFL

NTNU 2021 - Steinar Stapnes

X-Ray Free Electron Lasers

SACLA 2011

8.5 GeV, 60 Hz NC

PAL XFEL 2016 

LCLS I, II 2009, 2019

European XFEL 2017

DESY, Hamburg 

SwissFEL 2017

From L.Rivkin EPFL

SHINE, Shanghai, 

under construction

Most easily identifiable societable impacts related to 

medical accelerators and lightsources (and neutron 

sources)



Trend towards compact machines – in Norway too?

Local accelerators for research as basis for innovations 

Place in existing University (<100 MNOK), fit in modest building, broad user community  

Example:

Compact electron linac 30-200 MeV

• Collider with laser, Inv. Compton Scattering, small ligthsource (materials, pharma, drugs, bilogical samples, 

imaging, R&D for use in silicon industry) 

• Collide with neutron target: TOF neutrons (materials mostly)

• Isotopes 

• Cleaning and inspection 

• Tests bench for medical acc. (e.g Flash theraphy)

• Accelerator R&D (e.g. plasma to make even more compact) and detector system irradiation and testbeam  

At some point we should or could consider a research accelerator in Norway .. 
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Summary 

• Next decade or two our programme will be linked to LHC and HL LHC

• Nuclear physics community will/can benefit from EIC (and FAIR)

• Higgs factory progress slow but interesting acc. R&D – timeline a concern

• For acc. beyond: Plasma interesting, we are active, muon factory studies maybe also of 

interest (very difficult to make meaningful contributions to FCC-hh magnets – at least until 

HTS becomes the main focus)

• Acc. R&D roadmap probably adds little, our focus on RF and plasma well justified already 

• Should we consider more seriously a small research machine in Norway (placed in a 

University)? Then we need to talk seriously to a potential user community. 
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NTNU 2021 - Steinar Stapnes

Synchrotron Light Sources: about 50 storage ring based

60‘000 users world-wide

Established, mature technology

From L.Rivkin EPFL



NTNU 2021 - Steinar Stapnes

X-Ray Free Electron Lasers

SACLA 2011
8.5 GeV, 60 Hz NC

PAL XFEL 2016 

LCLS I, II 2009, 2019

European XFEL 2017
DESY, Hamburg 

SwissFEL 2017

From L.Rivkin EPFL

SHINE, Shanghai, under 
construction


