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ESPPU 2020
About LHC: “The successful completion of the high-luminosity upgrade of the 
machine and detectors should remain the focal point of European particle 
physics…. The full physics potential of the LHC and the HL-LHC, including the 
study of flavour physics and the quark-gluon plasma, should be exploited.“

About future high-energy frontier:                                                                             
”An electron-positron Higgs factory is the highest-priority next collider.”

“For the longer term, the European particle physics community has the 
ambition to operate a proton-proton collider at the highest achievable energy.”

“Europe, together with its international partners, should investigate the 
technical and financial feasibility of a future hadron collider at CERN with a 
centre-of-mass energy of at least 100 TeV and with an electron-positron Higgs 
and electroweak factory as a possible first stage.”

“Such a feasibility study of the colliders and related infrastructure should be 
established as a global endeavour and be completed on the timescale of the 
next Strategy update.”

K. Österberg
PPD Lammi 27-28.11.2024 2



LHC & HL-LHC
Current high energy frontier: LHC @ CERN

q High luminosity phase (HL-LHC): Increase integrated luminosity by
a factor 10 (~ 3000 "b!")

q Plan to run LHC & HL-LHC until 2041 
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we are here !

What after 2041 ?
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What next @ CERN?

Future Circular Collider (FCC)
−

CERN’s next flagship project? 
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• Stage 1: FCC-ee − precision physics: e+e- collider for Z, W, 
Higgs & top quark precision measurements  

• Stage 2: FCC-hh − discovery machine, a 𝑠 = 100 TeV 
proton-proton & ion-ion collider (with an e+/e--hadron option)

K. Österberg
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Circular colliders:
q FCC (Future Circular Collider), CERN hosts

• FCC-hh: 𝑠 = 100 TeV proton-proton collider, ion operation possible
• FCC-ee: First step 𝑠 = 90 – 365 GeV e+e collider

q CEPC (Circular Electron-Positron Collider) : e+e- 𝑠 = 90 – 240 GeV, China hosts
q SppC (Super proton-proton Collider): proton-proton 𝑠 = 70 TeV, China hosts
Linear colliders:
q ILC (International Linear Collider):  e+e- 𝑠 = 250  – 500 GeV, Japan hosts
q CLIC (Compact Linear Collider): e+e- 𝑠 = 380 GeV - 3 TeV, CERN hosts
q CCC (Cool copper collider): e+e- 𝑠 = 250 GeV - 2 TeV, US hosts
q HALHF: asymmetric e+e-  using plasma wake-field acceleration 𝑠 = 250 – 550 GeV, host?
q Muon collider: 𝜇!𝜇" 𝑠 = 3 - 10 TeV, US hosts 
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Next high energy frontier machine timelines



FCC program spanning until end of centary
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FCC decision ~2028 ⟹ an FCC-ee by 2048
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FCC described in detail in 3 volume CDR
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FCC feasibility study made to facilitate a decision
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Optimized FCC: a 90.7 km tunnel ring
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FCC-ee: > 10 x precision of LEP & HL-LHC
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FCC-ee: verstile physics programme with 3 pillars
C. Grojean
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FCC-ee: pursued detector concepts
J. Zhu
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FCC-hh: direct discoveries up to ~ 40 TeV
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FCC-hh: biggest challenge− high-field magnets
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FCC: already a global endevour
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How much does the fun cost & how pays?
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F. Gianotti
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What happens between 2025 & 2028 ?
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F. Gianotti

19



K. Österberg
PPD Lammi 27-28.11.2024

Main competitor: CEPC & SppC in China
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CEPC focuses on Higgs
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CEPC included in China’s next 5 year plan?
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Cost estimate: 36.4 B RMB 
(of which accelerator: 19 B)

1 RMB ≈ 0.13 € so ~5 B €
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CEPC ready by 2035 (> 10 years before FCC-ee)?

23



K. Österberg
PPD Lammi 27-28.11.2024

CEPC: becoming an international endevour?
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Possible items for discussion:

qFCC essential for CERN’s future & CERN also a Finnish laboratory:  
should we mainly focus on FCC-ee (after HL-LHC)?

qIf FCC-ee engagement: what FCC-ee detector concept to engage 
in − should we seek Nordic concensus? 

qIf CEPC progresses as planned: any Finnish interest to participate 
in the detector open (?) for international collaboration?

qChange completely direction & do something different?
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Backup
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Next high energy frontier machine(s)?
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 0.06 / 7 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

D. Schulte

ILCU = 1€ (2012) 27
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FCC-ee: detector requirements
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