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• Status HEP 
• Physics needs and some Higgs Highlights 
• Overview Collider Designs    
• Alternatives and R&D projects for advanced options 
• Conclusion

Linear Collider Vision for the Future of Particle 
Physics & Higgs Focus
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What is the current status of HEP?
• One Higgs particle discovered in 2012 

• strongly consistent with Standard Model (SM) predictions 
• Few excesses around…..(e.g. a light scalar at ~95 GeV, SUSY at ~200 GeV,…?) 

• but not (yet) confirmed discoveries 
• Still open questions & strong motivation for Beyond SM (BSM) physics 

• Dark Matter, Baryon-Asymmetry, Neutrino masses, etc.  
• Since scale of new physics window still unclear…..what is the best strategy to 

• …be prepared for any findings of current LHC and future HL-LHC 
• …pave the path towards future possible accelerator HEP experiments 

• Optimize collider for well-known physics case (Higgs area!) in timely manner  
• i.e. with a stageable, tunable e+e- collider with polarized beams                            

& flexible running options ….e.g. at CERN ! 
• extendable with imminent new technologies but also for testing  future 

technologies 
• in a responsible, sustainable manner as much as possible….  

➡Mature e+e- collider designs at √s=~250,~350,~550 GeV and beyond TeV options! 
EPS@Marseille, July 2025                                                        LC Vision Team

➡ see talk tomorrow in 
BSM session
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Overview open Questions

EPS@Marseille, July 2025                                                  LC Vision Team
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Properties of discovered Higgs particle 

EPS@Marseille, July 2025                                                  LC Vision Team
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The ‘holy grail’ of particle physics: Higgs potential 

EPS@Marseille, July 2025                                                  LC Vision Team

In the ff, courtesy of  G. Weiglein, see talk Osaka, HPNP2025
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Crucial: underlying dynamics of electroweak breaking 

➡Trilinear coupling is crucial for the dynamics of symmetry breaking!

EPS@Marseille, July 2025                                                  LC Vision Team
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Electroweak phase transition: 1st or 2nd order? 

EPS@Marseille, July 2025                                                  LC Vision Team

➡ If more than one field is present: Higgs potential is multidimensional function of the different 
 scalar fields components! 

➡Deviation of trilinear Higgs coupling from SM is a typical feature of 1st order phase transition! 
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Trilinear Higgs coupling and Di-Higgs production mandatory! 

• Experimental limits on the di-Higgs cross sections 
yield contraints on 𝛞λ !

EPS@Marseille, July 2025                                                  LC Vision Team
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Interlude: how big can modification of λhhh be? 

EPS@Marseille, July 2025                                                  LC Vision Team

➡Precision not sufficient to clarify mechanism of electroweak symmetry breaking and 
phase transition!
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Measurement of λhhh at e+e- Linear Colliders: Higgs pair production  
√s≥550 GeV!

➡ 11 % accuracy on 𝛞λ for SM case at 550 GeV and with polarized beams 
➡  Constructive interference for λ>λSM 
➡ Essential to achieve √s≥550 GeV as early as possible… 
➡ ‘The safe bet physics case’ ! 

EPS@Marseille, July 2025                                                  LC Vision Team
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Prospects for measuring λhhh in Higgs pair production: HL-LHC with LC550 GeV  

Excellent prospects and guaranteed success!

EPS@Marseille, July 2025                                                  LC Vision Team
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Indirect ‘measurements’  of λhhh sufficient? …?

EPS@Marseille, July 2025                                                  LC Vision Team

! 

➡ see talk M. Vellasco, Higgs Session 

!!!
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Direct production possible for λhhh at ‘lower energy’ ? ⇒ via γγ-collisions ! 

[M. Berger, J. Braathen, GMP, G. Weiglein ’25]

➡Minimum cross section at different κλ than at e+e- LC 

➡ Complementary between both runnings:  e+e-  and γγ collisions runnings

[T. Barklow’24]

EPS@Marseille, July 2025                                                  LC Vision Team

√
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Expectations: λhhh precision in HL-LHC, FCC-hh, e+e-(@550)- and γγ-collisions 

[M. Berger, J. Braathen, GMP, G. Weiglein ’25]

[T. Barklow’24]

EPS@Marseille, July 2025                                                  LC Vision Team

[T. Barklow’25]

➡Minimum cross section at different κλ than at e+e- LC 
➡ Complementary between both runnings:  e+e-  and γγ collisions runnings !!! 
➡ compatible with FCC-hh precision expectations…..excellent news for HEP!
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Higgs physics at future colliders, Georg Weiglein, Workshop on Future Accelerators, Corfu, 05 / 2024

e+e− Higgs factories

18

fcforum-coordinators@desy.deIntroduction - FCForum, October 2021

Higgs Factories

High-level differences: 
• Energy reach 
• Luminosity
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The highest priority beyond HL-LHC - technology relatively mature

Linear Circular
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Future Circular Collider

Circular Electron Positron Collider
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The highest priority beyond HL-LHC - technology relatively mature

Linear Circular

FCC-ee 
CERNILC 

Japan

CLIC 
CERN

CEPC 
China

International Linear Collider

Compact Linear Collider

Future Circular Collider

Circular Electron Positron Collider

CCC

HALHF

• 250 GeV — ZH threshold 
• 350 GeV — tt threshold 
• 550 GeV — HHH coupling 
• ca. 1.5 TeV  technology limit

Based on superconducting RF (liquid nitrogen) 
   Proposed at SLAC;  very compact machine 

• 250 GeV — ZH threshold 
• 365 GeV — tt threshold 
• 10-30 TeV ??    technology limit

New idea:   plasma acceleration,   
conventional LinAc

   ca. 10 years R&D needed to demonstrate 
feasibility  

   Extremely compact:  3-4 km size, suitable for 
national lab


e− e+

Baseline (10Hz rate) Start immediately with full power 
(1316->2625 bunches in train)  

Linear Collider Facility @ CERN

EPS@Marseille, July 2025                                                  LC Vision Team
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Linear Collider Facility (LCF) @ CERN – common implementation studies for two starting 
technologies: 

LCF@CERN focussed on starting with ILC 
SCRF technology; benefits from all the ILC 
developments, CLIC CE and infrastructure 
studies at CERN, and link to new 
technologies as potential upgrades: https://
indico.cern.ch/event/1439855/
contributions/6461433/ 

Superconducting RF, parameters for 90, 
250, 350, 550 GeV 

CLIC@CERN, Linear Collider 
Facility starting with NCRF 
technology: 
https://indico.cern.ch/event/
1439855/contributions/6461475/ 

Normal conducting RF, 
parameters for 90, 250, 380, 
550, 1500 GeV

Comparative report: 
https://indico.cern.ch/
event/1439855/
contributions/6542430/ 

In the ff, courtesy of  S. Stapnes, see talk at ESPP, Venice 25

https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461475/
https://indico.cern.ch/event/1439855/contributions/6461475/
https://indico.cern.ch/event/1439855/contributions/6542430/
https://indico.cern.ch/event/1439855/contributions/6542430/
https://indico.cern.ch/event/1439855/contributions/6542430/
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From J.List/M.Peskin

A physics-driven, polarised operating scenario for a Linear Collider

4

Stage 1: 250-380 GeV   
   precision Higgs mass and total σ(ΖΗ) 
   precision Higgs couplings and total width to % level, 
   even tests of CP-violating couplings (pol. beams essential!) 
   resonance/compositeness search in ffbar, WW to 10’s TeV 
   1-yr excursion to the Z pole - sin2θW to  3e-6 

Stage 2: 550 GeV   
   precision Higgs couplings and total width to sub-% level 
   top quark Yukawa to 3%, Higgs self-coupling to 11% 
   top quark electroweak couplings to 0.1% 
   resonance/compositeness search in ffbar, WW to 50 TeV 
   1-yr excursion to the ttbar threshold - mt to 40 MeV 

Higher energies: 1000 GeV or above  
   top quark Yukawa to 1%, Higgs self-coupling in WW fusion 
   Higgsino search to 500 GeV 
   follow up HL-LHC discoveries of new Higgs and 
electroweak states 

Fixed target program:  dark sector, nonlinear QED

The projections are supported 
by full-simulation studies with 
detailed 
detector designs and machine 
backgrounds.

All discoveries of deviations from the SM 
can be verified in complementary reactions 
at higher energy, e.g. H self-coupling visible 
in two complementary HH production 
channels.

WW fusion
ZHH

combined

Much more in arXiv:250319983

EPS@Marseille, July 2025                                                  LC Vision Team
17

➡ see talk K. Mekala, Top&EW Session

➡ see talk J. Klamka, BSM Session}

https://arxiv.org/abs/2503.19983


Linear Collider @ CERN – Civil Engineering  I

185

Layout used for costing 
and drawings. Not final, 
can be translated, rotated 
and shafts can be moved. 

EPS@Marseille, July 2025                                                  LC Vision Team
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Linear Collider @ CERN – Civil Engineering II 

CE studies for LC at CERN over the last ~15 years: 

• CLIC, up to 3 TeV. Contract with Amberg Engineering for CDR in 2012-2013. 
• ILC up 1 TeV. Contract with Amberg Enginering for the TDR in 2012-13. 
• CLIC up to 3 TeV, TOT (layout tool) with ARUP (engineering/consulting 

company), for the Project Implementation Report 2018 
• For the ESPP 2025, LCF/ILC up to 550 GeV, CLIC NCRF to 1.5 TeV, in both 

cases ~30km (29.5 and 33.5), using Geoprofiler layout tool 
• Injectors and experimental areas on Prevessin site (“CERN attributed land”)

EPS@Marseille, July 2025                                                  LC Vision Team



Power and energy
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CERN “standard” running 
scenario used to convert 

to annual energy use, 
specify power for each 

state → energy 

Power at 250-550 GeV in the 
140-320 MW range for the LC 
projects above 

Depends on energy AND 
luminosity (as shown earlier) 

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

CERN is currently consuming 
1.2 – 1.3 TWh annually  

A decade of studies to reduce power:  
Designs optimisations, SRF cavities (grad,Q), cryo efficiency, RF power system 
(klystrons, modulators, components), RF to beam efficiencies, improved magnets, 
operation when power is abundant, heat recovery, nanobeams and more.  

LCF 250 (LP) LCF 550 (FP) CLIC 380 CLIC 1500

Power (MW) 144 320 166 287

Energy annually 
(TWh) 

0.8 1.8 0.8 1.4

EPS@Marseille, July 2025                                                  LC Vision Team 20
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Undulator 
based 
polarized 
positron 
source

The ILC 
implementation is 
extensively studies 
in Japan, civil 
engineering, 
integration locally, 
environmental 
impacts, etc 

How would we implement a SCRF based LC at CERN: 
• Consider implementation of energies above 250 GeV (even initially), similar to the 

ILC TDR, specifically 550 GeV  
• Increase luminosity wrt to parameters used recently (ILC@Japan) and share on two 

IPs 
• Key changes: Bunch trains 5 Hz to 10 Hz, double numbers of bunches per train  

• Consider if such a facility can use improved or other RF technologies in the future 
(a true LC facility) – stimulate wide R&D and open options for the future (see talk 
later today by J.List) 

• Combine with CLIC footprint/studies as much as possible.  
• Cost estimate as for CERN projects in CHF, with CE costs from CERN

From the ILC250 accelerator facility to the CERN 

EPS@Marseille, July 2025                                                  LC Vision Team



LCF with SCRF 
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Why SCRF: 
• Very detailed and mature technical design and 

industrialisation, several FEL linacs build and being 
operated 

• Can be upgraded in Energy and Luminosity  
• Worldwide interest in technology 
• Large technology interest in Europe (EUXFEL and 

several other projects), and leading industries in Europe  
• Could it be exploited to reduce work and financial  load 

on CERN during the HL period (lab support outside for in-
kind cryomodules for example as foreseen for ILC – and 
also in Europe) ?  

• Can this be turned into a financing advantage and/or 
schedule advancement ?   

EU-XFEL performance 2024-25  

EPS@Marseille, July 2025                                                  LC Vision Team 22
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European ITN related studies (dedicated funding from 
Japan combined with European resources) are 
distributed over five main activity areas:  

ML related tasks 
• SRF and ML elements: Cavities and Cryo Module,  
    Crab-cavities, ML quads and cold BPMs 

Sources  
• Pulsed magnet and wheel/target  
• Prototyping 

Damping Ring including kickers 
• Low Emittance Rings  

ATF activities, final focus and nanobeams  
• ATS and MDI 

Implementation  
• CE, Cryogenics  
• Sustainability, Life Cycle Assessments 

• EAJADE (EU funding) for training of young 
scientists (linear and circular machines) 

Studies in labs distributed across CERN, UK, 
Germany, France, Italy, Spain  

On-going technical studies in Europe – the ILC 
technology network topics 

EPS@Marseille, July 2025                                                  LC Vision Team

➡ see talk on Wednesday

➡ see talks P. McIntosh 
and A. Faus-Golfe, ESPP, 
Venice 25



Baseline (10Hz rate) Start immediately with full power 
(1316->2625 bunches in train)  

LCF – SCRF – ESPP parameters

Note: tunnel extension to 
allow a 550 GeV upgrade 
is included in the initial 
programme 24

Summary table of the LCF accelerator 
parameters in the initial 250 GeV configuration 
and possible upgrades, as well as in an initial 
550 GeV configuration and its luminosity 
upgrade

EPS@Marseille, July 2025                                                  LC Vision Team 24



Schedule towards a LC@CERN 

2026-28

Prep phase I: 
Definition of the placement scenario 
Design optimisation and finalization 
Main technologies R&D 
conclusions 
(Pre)Technical Design Report - two 
IPs at CERN

T0, T0+5
Prep phase II: 
Site investigation and preparation 
Implementation studies with the Host 
states 
Environmental evaluation & project 
authorisation processes 
Industrialisation of key components 
Engineering design completion

T1, T1+10

Construction*:  
Civil engineering 
Construction of components 
Installation and hardware 
commissioning 
 

T1+11

Beam-
commissioning 

 followed by physics  
 

T0 is determined by a process in 2028-29 to validate the 
progress and promise of the project for a further 
development towards implementation. 

T1 will be determined by the processes needed, by the 
CERN Council and with host-states, for project approval and 
to start construction

*The construction phase is extended with 
respect to the technically-limited schedules to 
allow a transfer time into construction, and to 
avoid the resource conflict between HL-LHC 
operation and initiating beam commissioning for 
a next collider

25EPS@Marseille, July 2025                                                  LC Vision Team



Next Steps towards a Linear Collider @ CERN

26

Project implementation: foresee 3+5-year preparatory periods, then construction ~10 years  
• Ideally starting preparation after conclusion of EPPSU in mid-2026 
• Split in two phases, the first to establish final parameters and layout for a LC (see main points 

below) 
• 2026-28 (resource estimate ~25-35 MCHF and ~150-180 FTEy), main topics below 

Site Layout Refinement:  
The next step is to refine the LC site layout, including shaft placement and detailed designs for 
surface and underground areas. 

Accelerator Complex Design Optimisation:  
The detailed design of the LC accelerator complex, especially its interfaces with civil engineering 
and detector systems (BDS and interaction area), will be further developed, with a particular focus 
on optimising the LC@CERN parameters.  

Technology R&D with international partners:   
Research on SCRF and X-band technologies, including RF sources, e- and e+ sources, nanobeam 
systems, beam delivery and damping rings. 

Detector R&D:  
Aligned with Higgs factory and broader technology initiatives

EPS@Marseille, July 2025                                                  LC Vision Team



Main points 
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• A Linear Collider at CERN has a very attractive and broad physics programme 
and is a very flexible facility  

• A Linear Collider as a staged project can be implemented at 7-9 BCHF for the 
first stage  

• Upgrading to - at least - 550 GeV is possible, to be implemented taking into 
account physics and resources as the programme and field evolve  

• A ~3 year programme is suggested to establish a LC baseline, building on and 
extending existing international collaborative R&D  
• Need more detailed implementation study to validate and optimize an 

LC@CERN (as outlined for 2026-28)   
• Guidance about energy, performance and cost goals from the ESPP update 

crucial   
• An LC can be completed in parallel with the HL LHC programme (to the extend 

resources allow)  
• There are many opportunities for international support (technology and 

capabilities) in the preparation phases and during a potential construction 

EPS@Marseille, July 2025                                                  LC Vision Team
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Upgrade options: energy, lumi, γγ, beyond 

EPS@Marseille, July 2025                                                  LC Vision Team

In the ff, courtesy of  J. List, see talk at ESPP, Venice 25

➡ see talk tomorrow in Higgs session
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LCVision: started at LCWS2024 in view of ESPPU

EPS@Marseille, July 2025                                                  LC Vision Team
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Superconducting RF Upgrade

EPS@Marseille, July 2025                                                  LC Vision Team
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Cool Copper Technology

EPS@Marseille, July 2025                                                  LC Vision Team
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Cool Copper Technology

EPS@Marseille, July 2025                                                  LC Vision Team
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HALHF 

EPS@Marseille, July 2025                                                  LC Vision Team
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Photon-Photon / Photon-Electron Collisions

EPS@Marseille, July 2025                                                  LC Vision Team

➡ see talk tomorrow in Higgs session
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Non-colliding Options / Dump Experiments

EPS@Marseille, July 2025                                                  LC Vision Team
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Conclusions 
• Timing: Higgs precision measurements are required NOW! 

➡  at least 550 GeV should be envisioned to resolve the trilinear coupling a.s.a.p. ! 
➡ Safe physics case! 

• Flexibility: responsive to future physics developments 
• Stageable, tuneable, polarized beams 
• exploit several running options (γγ, eγ, etc.)  
• goal: possible switch to upgrade technology at any stage 
• exploit both colliding- and non-colliding experiments 

• Availability: √s=550 GeV done;  further accelerator R&D for multi TeV 
• Mature design matching all needs available! 
• enable prototyping of essential parts of the system 
• apply new technology (e..g. PWA in combination with SRF, ERL, etc.)  
• goal: upgrades to higher energies & to higher lumi in shorter tunnels  
• adapt new experimental tools (e.g. polarized e+) for all designs  

➡The LCF will be best prepared for the ‘Unknown’, will lead to exciting 
physics results and state-of-the-art technologies!   

EPS@Marseille, July 2025                                                  LC Vision Team
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Invitation: please, feel welcome to join ! 
• You could 

• and stayed tuned for new results/developments/prototypes, etc…. 

• this HEP future will be great & exciting !

EPS@Marseille, July 2025                                                  LC Vision Team
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The CLIC ESPP parameters
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               4.3 ab-1 

• Z pole performance, 6.3x1032 – 1.2x1034 

cm-2 s-1 
• The latter number when accelerator 

configured for Z running (e.g. early 
or at the end of the first stage) 

  
• An alternative upgrade to 550 GeV, 

maintaining the repetition rate at 100 Hz 
and two IPs, is also considered. A 
possible implementation would be to 
start with a longer tunnel by 5 km from 
the beginning adding about 25 % to the 
initial cost of the CE of the baseline 380 
GeV machine.  

               4 ab-1 

Key parameters for 380 GeV and 1.5 TeV stages of CLIC. 
Parameters for energy options at 250 GeV and 550 GeV 
are also given; for these options the power and luminosity 
are scaled, based on the 380 GeV and 1.5 TeV designs. 
∗The luminosity for the 1.5 TeV machine has not been 
updated to reflect recent alignment studies [15]. If the 
same method is applied, the luminosity at 1.5 TeV is 
expected to reach 5.6 x 1034 cm−2 s−1 

EPS@Marseille, July 2025                                                  LC Vision Team



Gamma-gamma collider

• Addition to  colliders 

• Compton backscattering 

• Getting access to  processes

𝑒+𝑒−

𝛾𝛾 and 𝛾𝑒

40

V. I. Telnov 2020

Laser is decisive: 
a) optical 
b) XFEL-like

EPS@Marseille, July 2025                                                  LC Vision Team



Short reminder: why polarized e±  needed?
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• Important issue: measuring amount of polarization  
• limiting systematic uncertainty for high statistics measurements 
• Compton polarimeters (up- /downstream): envisaged uncertainties of ΔP/P=0.25%   

• Advantage of adding positron polarization:   
• Substantial enhancement of eff. luminosity and eff. polarization  
• new independent observables  
• handling of limiting systematics and access to in-situ measurements: ΔP/P=0.1% achievable! 
•   allows exploitation of transversely-polarized beams! 

• Physics impact: Higgs-Physics, WW/Z/top-Physics, New Physics ! 
   Literature: polarized e+e- beams at a LC (only a few examples)  

• LCC-Physics Group: ‘The role of positron polarization for the initial 250 GeV stage of ILC’, arXiv: 1801.02840 
• G. Moortgat-Pick et al. (~85 authors) : `Pol. positrons and electrons at the LC’, Phys. Rept. 460 (2008), hep-ph/0507011 
• G. Wilson: `Prec. Electroweak measurements at a Future e+e- LC’, ICHEP2016, R. Karl, J. List, LCWS2016, 1703.00214 
• many more (only few examples): 1206.6639, 1306.6352 (ILC TDR), 1504.01726, 1702.05377, 1908.11299,2001.03011, … 
• G. Moortgat-Pick, H. Steiner, `Physics opportunities with pol.  e- and e+ beams at TESLA, Eur.Phys.J direct 3 (2001) 
• T. Hirose, T. Omori, T. Okugi, J. Urakawa, Pol. e+ source for the LC, JLC, Nucl. Instr. Meth. A455 (2000) 15-24,…. 


