
Prospects on future 
energy frontier colliders

Brief overview of talks and discussions in
CERN Council Open Symposium on the Update of

European Strategy for Particle Physics

13-16 May 2019 - Granada, Spain 

Alexander Kupčo
Institute of Physics of Czech Academy of Sciences

ATLAS CZ-SK meeting

June 2019, Prague



EPPSU 2019 meeting

• https://cafpe.ugr.es/eppsu2019/

• Input for this talk
• C. Biscardi: Accelerator Summary + talks in parallel sessions

• F. Gianotti: Implementation of the 2013 European Strategy Update

• G. Taylor: Perspective on the European Strategy from Asia

• B. Heinemann: Electroweak Physics (physics of the W, Z, H bosons, of the top 
quark, and QED)

• Submitted input documents
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Q1: What is the best implementation for a Higgs factory? 
Choice and challenges for accelerator technology: linear vs. circular?



Rationales
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CLIC:
Ultimate goal: Achieve multi-TeV electron-positron collisions
• Linear collider with high gradient normal-conducting 

acceleration
• Overcome the challenges with technologies
• Now: do it in stages for physics and funding

FCC-hh + FCC-ee
Push the energy frontier with protons
• Large ring with high field magnets
Use the FCC-hh tunnel for an electron-positron collider
• The layout and cost is not optimised for FCC-ee proper

LHeC:
Expand the LHC programme with limited cost

ILC:
Ultimate goal: Reach energies of originally 0.5-1 
TeV
• Use high gradient superconducting technology
• Now reduce cost to obtain funding

CEPC:
Build a higgs factory with limited energy with a 
tunnel that could house a hadron collider 
afterwards



Comparisons
Project Type Energy

[TeV]
Int. Lumi. 
[a-1]

Oper. Time 
[y]

Power
[MW]

Cost

ILC ee 0.25 2 11 129 (upgr. 
150-200)

4.8-5.3 GILCU + 
upgrade

0.5 4 10 163 (204) 7.8 GILCU

1.0 300 ?

CLIC ee 0.38 1 8 168 5.9 GCHF

1.5 2.5 7 (370) +5.1 GCHF

3 5 8 (590) +7.3 GCHF

CEPC ee 0.091+0.16 16+2.6 149 5 G$

0.24 5.6 7 266

FCC-ee ee 0.091+0.16 150+10 4+1 259 10.5 GCHF

0.24 5 3 282

0.365 (+0.35) 1.5 (+0.2) 4 (+1) 340 +1.1 GCHF

LHeC ep 60 / 7000 1 12 (+100) 1.75 GCHF

FCC-hh pp 100 30 25 580 (550) 17 GCHF (+7 GCHF)

HE-LHC pp 27 20 20 7.2 GCHF
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Annual energy
consumption [TWh]

CERN today: 1.2 TWh
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Proposed Schedules 
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Project Start construction Start Physics (higgs)

CEPC 2022 2030

ILC 2024 2033

CLIC 2026 2035

FCC-ee 2029 2039 (2044)

LHeC

Proposed dates from projects

Would expect that technically required 
time to start construction is O(5-10 
years) for prototyping etc.



Luminosity

The typical higgs factory energies are close to the cross over in luminosity
Linear collider have polarised beams (80% e-, ILC also 30% e+) and 
beamstrahlung
• All included in the physics studies
The picture is much clearer at lower or higher energies

Energy dependence:

At low energies circular colliders trump
• Reduction at high energy due to synchrotron radiation

At high energies linear colliders excel
• Luminosity per beam power roughly constant

Luminosity per facility

  

LµPsynradEcm
-3.5

  

LµPRFEcm
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(Physics)

• δE/E ~1.5% in ILC

• Grows with E: 40% of 
CLIC lumi 1% off 



Conclusion
• Four main proposals for higgs factories exist

• ILC, CLIC, FCC-ee and CEPC
• FCC-hh and HE-LHC need time for technology development (see Yamamoto’s talk)
• LHeC would also produce some higgs
• No clear proposal for options like LEP3 or low field magnets in FCC-tunnel
• Muon and plasma-based colliders will need more time to become realistic 

alternatives

• No feasibility issue is known for any of the proposed higgs factories CLIC, 
ILC, FCC-ee and CEPC
• More work has to be done for each of them to ensure performance goal is met
• Should review in detail them before commitment is made
• In all cases need several years before construction could start
• Currently, technology can not help with the choice of the next project

• Cost are high in all 
• 5.9 GCHF for 380 GeV CLIC, 5.3 GILCU for ILC, 11.6 GCHF for FCC-ee, 5 G$ for CEPC

• Physics potential and strategy should be the governing principles
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Q2: Path towards the highest energies: 
how to achieve the ultimate performance 
(including new acceleration techniques)?



FCC integrated project technical schedule

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 34 35 36 37 38 39 40 41 42 43
15 years operation

Project preparation &

administrative processes

Funding & governance strategy

Geological investigations, 

infrastructure detailed design and 

tendering preparation

Tunnel, site and technical infrastructure 

construction

FCC-ee accelerator R&D and technical design

FCC-ee detector

construction, installation, commissioning

FCC-ee detector 

technical design,

collaborations

Permis-

sions

Detector R&D and

concept development

FCC-ee accelerator construction, 

installation, commissioning

FCC-hh detector

construction, installation, 

commissioning

FCC-hh detector 

R&D,

technical design

Update

Permission,

Funding

FCC-hh accelerator construction, 

installation, commissioning

FCC-ee dismantling, CE 

& infrastructure 

adaptations FCC-hh

~ 25 years operation

FCC-hh accelerator 

R&D and technical 

design

SC wire and 16 T magnet 

R&D, model magnets, 

prototypes, preseries

16 T dipole magnet

series production
Superconducting wire and high-field magnet R&D 

70

LS4LHC run 3 LS 3 LHC run 4 LS5LHC run 5 LHC run 6

FCC integrated project is fully aligned with HL-LHC exploitation and provides for seamless continuation of 

HEP in Europe with highest performance EW factory followed by highest energy hadron collider.



s.c. magnet technology
• Nb3Sn superconducting magnet technology for hadron colliders, still requires step-by-

step development to reach 14, 15, and 16 T.   

• It would require the following time-line (in my personal view):

• Nb3Sn, 12~14 T:  5~10 years for short-model R&D, and  the following  5~10 years for 

prototype/pre-series with industry. It will result in 10 – 20 yrs for the construction to start, 

• Nb3Sn, 14~16 T: 10-15 years for short-model  R&D, and the following 10 ~ 15 years for 

protype/pre-series with industry.  It will result in 20 – 30 yrs for the construction to start, 

(consistently to the FCC-integral time line). 

• NbTi , 8~9 T: proven by LHC and Nb3Sn, 10 ~ 11 T  being demonstrated. It may be feasible  for the 

construction to begin in > ~ 5 years.

• Continuing R&D effort for high-field magnet, present to future, should be critically 

important, to realize highest energy frontier hadron accelerators in future. 

A. Yamamoto, 190512b 12Intensify HTS accelerator magnet development



HE-LHC 27 TeV

• Needs some 1700 large magnets in Nb3Sn (1200 dipole 15 m long) operating 
at 16 T. (same as FCC-hh)

• It needs a new generation of Nb3Sn, beyond HiLumi (like FCC-hh): the 23 y 
timeline presented is realistic (21 for the magnets) but t0 is probably 2025 or 
more because of SC development.

• The set up of a SC Open Lab for fostering development of superconductors
(F. Bordry and L. Bottura proposal) is critical for HEP HC progress.

• A further upgrade to 42 TeV in HTS at 25 T possible to envisage for longer 
time. 24 T dipole is the long term goal also of the Chinese SppC. 
(Recently an HTS 32 T special solenoid and a commercial HTS 26 T NMR 
solenoid have been announced!)

L.Rossi - LHC future @ Open symposium EUSPP-

Granada May 2019-SUMMARY
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Higgs and top mass and vacuum stability

J. R. Espinosa – PoS TOP2015 (2016) 043, arXiv:1512.01222  

With more precision, we may get more clear picture on indication of scale of new physics



Some points from the discussion sessions

• M. Spiro – strong support for FCC-ee followed by FCC-hh

• K. Jacobs – against FCC-ee, wants to go for FCC-hh directly and as 
soon as possible 

• Many expressed an opinion that FCC is too large and and too long 
project at that we should go for linear e+e- accelerator



Summary
• volba budoucího urychlovače v Evropě není lehká

• po fyzikální stránce se mi nejvíc líbí volba FCC-ee následovaná FCC-hh
(kombinace přesných EWK měření na ee a větší objevitelský potenciál FCC-hh)

• mnoho otázek - projekt je mimo současné finanční možnosti CERN, dlouhá 
časová škála, je vědecký program dostatečně atraktivní, aby přitáhl nadkritické 
množství vědců a hlavně studentů?



Backup




