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FOR PARTICLE PHYSICS
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MY PROFESSIONAL LIGHTCONE

2000-05 MSc Theory
2006-10 PhD LHCb
2010-17 PD CMS
2017++  ATLAS

Retirement

2013  ILC  site visit
2017 FCC report

2022+ Mu Coll
2022+ C3 LC

New collider?

2000

2050

2008 Start of the LHC

2030 HL-LHC
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TODAY, I AM ASIMOV

CRAZY 
NEW IDEA

BRILLIANT 
NEW IDEA

2 YEARS 
OF ESPP
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Update of European Strategy
for Particle Physics

• Deadline 31 March
• 263 (!) inputs

INPUTS TO THE ESPP

Accelerators

Strategies

Detectors

Theories

Countries

Collaborations,
Groups and 
Indidivuals

Astroparticle

https://europeanstrategyupdate.web.cern.ch/sites/default/files/Submitted_Input_2025.03.04.pdf
https://europeanstrategyupdate.web.cern.ch/sites/default/files/Submitted_Input_2025.03.04.pdf
https://europeanstrategyupdate.web.cern.ch/sites/default/files/Submitted_Input_2025.03.04.pdf
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Update of European Strategy
for Particle Physics

• Deadline 31 March
• Today’s focus:

INPUTS TO THE ESPP

Accelerators

Strategies

Detectors

Theories

Countries

Collaborations,
Groups and 
Indidivuals

Astroparticle

https://europeanstrategyupdate.web.cern.ch/sites/default/files/Submitted_Input_2025.03.04.pdf
https://europeanstrategyupdate.web.cern.ch/sites/default/files/Submitted_Input_2025.03.04.pdf
https://europeanstrategyupdate.web.cern.ch/sites/default/files/Submitted_Input_2025.03.04.pdf
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I) Accelerator projects
• First 30 minutes

II) Scenarios & visions
• Middle 10 minutes

III) Countries
• Last 10 minutes

➔ I propose we discuss mostly during/after the last section

OUTLINE

The future of 
Europe?
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FCC

PS

SPS

LHC
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FUTURE CIRCULAR COLLIDER



Tristan du Pree12

Most famous proposal
• 91 km circle

• Z+W+H (+t)
• EWK + BPH + top

• Upgrade to FCC-hh

➔ More in colloquium by Frank Zimmermann (16 May)

FCC-EE: PROJECT 

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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EWK
• W + Z + t

• Precision

FCC-EE: PHYSICS

https://indico.cern.ch/event/1439855/contributions/6461657/
https://indico.cern.ch/event/1439855/contributions/6461657/
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EWK
• W + Z + t 

• Precision
Higgs 

• Various channels
• But not all

FCC-EE: PHYSICS

:3

:10
:5
:4

:20

https://indico.cern.ch/event/1439855/contributions/6461657/
https://indico.cern.ch/event/1439855/contributions/6461657/
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EWK
• W + Z + t

• Precision
Higgs 

• Various channels
• But not all

Limitations
• BSM & HH

• LHC & FCC-hh

FCC-EE: PHYSICS
HL-LHC +

https://indico.cern.ch/event/1439855/contributions/6461657/
https://indico.cern.ch/event/1439855/contributions/6461657/
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Cost: 14 BCHF
• Incl. tunnel

• 6 BCHF
• Extra: ttbar?

• 1.3 BCHF

Advantage: up to 4 IPs

FCC-EE: COSTS
CHF ~ 

1.1 EUR

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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FCC-EE: TIMELINE
HZ

2062

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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CHF Tfin

FCC 14 B 2060

LCF

CLIC
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LINEAR COLLIDER AT CERN
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Physics case:
• SM & Higgs factory

• Κ<1%, like FCC-ee

LINEAR COLLIDER FACILITY AT CERN

https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461433/
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Start earlier, run longer

LCF: PLAN

20642042

https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461433/
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Start earlier, run longer

Later upgrade to 1-3 TeV
• Same tunnel

• Subject to available technology

LCF: PLAN

~2064

https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461433/
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Costs: initial + upgrade
• 250 – 550 GeV

• Total ~ 14 BCHF

LINEAR COLLIDER FACILITY AT CERN

https://indico.cern.ch/event/1439855/contributions/6461433/
https://indico.cern.ch/event/1439855/contributions/6461433/
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CHF Tfin

FCC 14 B 2060

LCF 14 B 2060

CLIC
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ESPP input for 380 GeV - 1.5 TeV 
• 12 - 30 km

• Higgs + top + λ~10%

CLIC: PROJECT

https://indico.cern.ch/event/1439855/contributions/6461475/
https://indico.cern.ch/event/1439855/contributions/6461475/
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Two detectors
simultaneously

• Dual Beam Delivery

CLIC: DUAL BEAM

https://indico.cern.ch/event/1439855/contributions/6461475/
https://indico.cern.ch/event/1439855/contributions/6461475/
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380 GeV
• 7.2 BCHF

1.5 TeV
• 6.5 BCHF

Run 2041 – 2063
➔ Total ~ 14 BCHF (!)

CLIC: COST & TIME

2041 2053 2063

https://indico.cern.ch/event/1439855/contributions/6461475/
https://indico.cern.ch/event/1439855/contributions/6461475/
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CHF Tfin

FCC 14 B 2060

LCF 14 B 2060

CLIC 14 B 2060
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➔ The FCC-ee and LCF proposals have converged 

FCC VS LCF

Physics:
SM & Higgs

FCC-ee:
W/Z/B

LCF:
t & HH

FCC-ee:
Faster

LCF:
Earlier

End date:
~2060

Cost:
14 BCHF

IPs:
2

FCC-ee:
2-4

Size:
> LHC 

FCC-ee:
91 km

LCF:
33 km

LCF:
1-2

LCF:
ZH + upgrade

FCC-ee:
Z/W/H program
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The FCC-ee and LC proposals have converged

Physics:
SM & Higgs

FCC-ee:
W/Z/B

LC:
t & HH

FCC-ee:
Faster

LC:
Earlier

End date:
~2060

Cost:
14 BCHF

IPs:
2

FCC-ee:
2-4

Size:
10-100km

FCC-ee:
91 km

FCC-ee:
33 km

LC:
1-2
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C3 = Cool Copper Collider
• Upgrade option for LC

Gradient ~100 MV/m
• Compact accelerator

• 8.7 km: ZH Higgs factory
• 33  km: 3 TeV (LCVision)

C3: PARAMETERS

8729 m

https://indico.cern.ch/event/1439855/contributions/6461485/
https://indico.cern.ch/event/1439855/contributions/6461485/


Tristan du Pree32

Timeline: R&D
• Development needed

• Various applications
Nikhef involvement

• RasNik alignment
• Demonstrator 2025

Anyway valuable technology
• Option for smaller Higgs factory

C3: TIMELINE

https://indico.cern.ch/event/1439855/contributions/6461485/
https://indico.cern.ch/event/1439855/contributions/6461485/
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“The LHC is an everything factory”
• A.Hoecker – EPS HEP 2019

• Still true after all those years 

BACK TO THE LHC
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(HL-)LHC: TIMELINE 

We are 
here

Higgs
discovery

HL-LHC
2030 – 2041

Breakthrough Prize
for LHC Experiments 

Nobel
Prize

20412010

https://indico.nikhef.nl/event/6494/
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Physics prospects
• Higgs: 2-3% uncertainties

• And much much more for
EWK, B-phys, BSM, top, etc…

HL-LHC: PHYSICS

https://indico.nikhef.nl/event/6494/
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Physics prospects
• HL-LHC will dominate sensitivity for several processes for decades

• Not only various Higgs channels, also SM, B-physics, Heavy Ion…

HL-LHC: PHYSICS

https://indico.nikhef.nl/event/6494/
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Observation of di-Higgs
• ATLAS+CMS >7σ

• λ < 30%

➔ Major legacy result of the HL-LHC

HL-LHC: PHYSICS

https://indico.nikhef.nl/event/6494/
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FCC

PS

SPS

LHC

PHOTO: J. WENNINGER38

BACK TO THE FUTURE COLLIDER
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Hadron collider
• ECoM = 80-90 TeV

• 2 IPs
Stronger magnets

• Nb3Sn tech
• Current target: 14 T

FCC-HH: MAGNETS

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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Physics
• Energy: BSM

• Tens of TeV
• SM & Higgs

• λ ~ 5%

➔ For different collision energy scenarios

FCC-HH: PHYSICS

https://indico.cern.ch/event/1439855/contributions/6461632/
https://indico.cern.ch/event/1439855/contributions/6461632/
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Practicalities:
• Cost: 19 BCHF 

• Run 2074 – 2100

FCC-HH: PRACTICALITIES

🥲

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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TOWARDS A MUON COLLIDER
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New physics: muon collisions
• Energy and Precision

• CoM Energy: 3 - 10 TeV
• At CERN: 3.2 - 7.6 TeV

MUON COLLIDER: PROJECT

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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Includes proposal for CERN site
• Reuse infrastructure

• LHC and SPS!

MUCOL: INFRASTRUCTURE

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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Includes proposal for CERN site
• Reuse LHC & SPS tunnels

• Detector optimization 
for both energies 

MUCOL: INFRASTRUCTURE

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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Includes proposal for CERN site
• Reuse LHC & SPS tunnels

• Detector optimization 
for both energies 

MUCOL: INFRASTRUCTURE

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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R&D programme budget
• Accelerator: 0.3 BCHF 

• + 1800 FTEy
• Detectors: 0.02 BCHF 

• + 900 FTEy

MUCOL: BUDGET & TIMELINE

Target first 
physics

https://indico.cern.ch/event/1439855/contributions/6461636/
https://indico.cern.ch/event/1439855/contributions/6461636/
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A CHINESE COLLIDER?
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PROJECT: CEPC

Very similar to FCC
• Located in China

• Proposed by IHEP
in 2012

https://indico.cern.ch/event/1439855/contributions/6461561/
https://indico.cern.ch/event/1439855/contributions/6461561/
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Very similar to FCC
• Located in China

• Cost <5 BCHF
• Start: Higgs (10y)

• H-Z-W-t = 10-2-1-5

PROJECT: CEPC

https://indico.cern.ch/event/1439855/contributions/6461561/
https://indico.cern.ch/event/1439855/contributions/6461561/
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Very similar to FCC
• Located in China

• Cost <5 BCHF
• Start: Higgs (10y)

• H-Z-W-t = 10-2-1-5
Advanced status

• TDR in 2023
• 2025: submission
• 2026: construction?
• 2035: ready to go?

PROJECT: CEPC

https://indico.cern.ch/event/1439855/contributions/6461561/
https://indico.cern.ch/event/1439855/contributions/6461561/
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Demonstrating readiness
• Forthcoming EDR

• “Prepare CepC
for delivery”

PROJECT: CEPC

https://indico.cern.ch/event/1439855/contributions/6461561/
https://indico.cern.ch/event/1439855/contributions/6461561/
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Demonstrating readiness
• Forthcoming EDR

• “Prepare CepC
for delivery”

CepC submission for ESPP:
• “Seeking international 

cooperation”

PROJECT: CEPC

https://indico.cern.ch/event/1439855/contributions/6461561/
https://indico.cern.ch/event/1439855/contributions/6461561/
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Timeline

CEPC
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LHC → LHeC
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LHC + electron beam
• 1.2 TeV e-p

• 50 GeV e-

• Broad physics
• QCD, PDFs
• Some BSM
• EW+Higgs+t

Develop ERL

LHEC: PHYSICS

https://indico.cern.ch/event/1439855/contributions/6461616/
https://indico.cern.ch/event/1439855/contributions/6461616/
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Start after HL-LHC
• 2044-2046
• 2048-2050

• Bridge to future
• E.g. LHC-FCC

Reasonable cost
• <2 BCHF

• ERL

LHEC: TIMELINE

https://indico.cern.ch/event/1439855/contributions/6461616/
https://indico.cern.ch/event/1439855/contributions/6461616/
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Astroparticle
Accelerators
Computing
Detectors
Magnets
Theory
Etc…

MANY OTHER PROJECTS AND SUBMISSIONS…
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PART II: PLANS & VISIONS
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“Vanilla CERN Plan”
• FCC-ee + FCC-hh 

• 2050 – 2100 

SCENARIO #1: FCC

https://indico.cern.ch/event/1439855/contributions/6461657/
https://indico.cern.ch/event/1439855/contributions/6461657/
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PART IIB: PLANS & VISION
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Linear collider vision
• Staged energy increase, λ~10%

• Unite international LC community

SCENARIO #2: “LC VISION”

https://indico.cern.ch/event/1439855/contributions/6461548/
https://indico.cern.ch/event/1439855/contributions/6461548/
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Near-term FCC-hh @ 50-70 TeV
• Physics motivation

• BSM reach
• SM production

• Alternative shorter timescale

SCENARIO #3: EARLY FCC-HH 

From here… …to here?

https://indico.cern.ch/event/1439855/contributions/6461643/
https://indico.cern.ch/event/1439855/contributions/6461643/
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FCC-hh: SM, BSM and HH
• Excellent SM 

Higgs physics
• Very competitive

with FCC-ee!

SCENARIO #3: EARLY FCC-HH

https://indico.cern.ch/event/1439855/contributions/6461643/
https://indico.cern.ch/event/1439855/contributions/6461643/
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FCC-hh: SM, BSM and HH
• Excellent SM 

Higgs physics
• Self-coupling ~5%

SCENARIO #3: EARLY FCC-HH

https://indico.cern.ch/event/1439855/contributions/6461643/
https://indico.cern.ch/event/1439855/contributions/6461643/
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“A Flexible Strategy”
• Linear Collider 

• ZH & SM
• Muon Collider

• HH & BSM

SCENARIO #4: LC + MUCOL

https://indico.cern.ch/event/1439855/contributions/6461672/
https://indico.cern.ch/event/1439855/contributions/6461672/
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LEP3: e+e-

• Reuse tunnel 
from LEP/LHC
• Like FCC-ee but

Low-E & Low-Lumi

Proposal: 91-230 GeV
• Z / WW / ZH 

• Cost: >3 BCHF

SCENARIO #N: LEP3

https://indico.cern.ch/event/1439855/contributions/6461601/
https://indico.cern.ch/event/1439855/contributions/6461601/


Tristan du Pree69

Limited physics case
• Disadvantages

• No ttbar, HH and λ
• Time after HL-LHC
• No upgrade to pp

SCENARIO #N: LEP3

https://indico.cern.ch/event/1439855/contributions/6461601/
https://indico.cern.ch/event/1439855/contributions/6461601/
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INTERMEZZO
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J. v/d Bij
• Various ideas

• Bit chaotic

“SOME THOUGHTS”

https://indico.cern.ch/event/1439855/contributions/6461441/
https://indico.cern.ch/event/1439855/contributions/6461441/
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“FUTURE OF CERN”

https://indico.cern.ch/event/1439855/contributions/6461428/
https://indico.cern.ch/event/1439855/contributions/6461428/
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Individual contribution
• A.F. Zarnecki (PL)

• Comments on
the process

“TO BUILD OR NOT TO BUILD”

https://indico.cern.ch/event/1439855/contributions/6461612/
https://indico.cern.ch/event/1439855/contributions/6461612/
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PART III: COUNTRIES
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BIG COUNTRIES
Germany
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BIG COUNTRIES

• Germany emphasizes finances
• UK mentions FCC-hh option

Germany

UK
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BIG COUNTRIES Italy

France

Broad consensus on FCC
• Germany emphasizes finances
• UK mentions FCC-hh option

Germany

UK
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BIG COUNTRIES Italy

France

Broad consensus on FCC
• Germany emphasizes finances
• UK mentions FCC-hh option
• CH outrageously enthusiastic 

Germany

UK

Switzerland
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Other observations
• Spain emphasizes finances

OTHER COUNTRIES
Spain
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Other observations
• Spain emphasizes finances
• NL + AU remain quite neutral
• NL + AU mention HL-LHC

OTHER COUNTRIES
Spain

Netherlands

Austria
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Other observations
• Spain emphasizes finances
• NL + AU remain quite neutral
• NL + AU mention HL-LHC
• BE: international/global role

OTHER COUNTRIES
Spain

Netherlands

Austria

Belgium
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Other observations
• Spain emphasizes finances
• NL + AU remain quite neutral
• NL + AU mention HL-LHC
• USA strongly supports FCC-ee

OTHER COUNTRIES
Spain

Netherlands

Austria

Belgium
Sweden

USA
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Some observations
• CZ mentions FCC-hh
• PL mentions CERN preference

MORE MEMBER STATES Poland

Czechia
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Some observations
• CZ mentions FCC-hh
• PL mentions CERN preference

MORE MEMBER STATES Poland

Israel

Czechia
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Some observations
• CZ mentions FCC-hh
• PL mentions CERN preference

MORE MEMBER STATES Poland

Israel

Norway

Czechia

Greece

Portugal

Denmark

Slovakia
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Some observations
• CZ mentions FCC-hh
• PL mentions CERN preference

MORE MEMBER STATES Poland

Israel

Norway

Czechia

Greece

Portugal

Denmark

Slovakia

Broad consensus on FCC 
as preferred option of the member 
states in the European Strategy 

for Particle Physics



Tristan du Pree87

COUNTRIES: ALTERNATIVE SCENARIOS (CEPC)
Germany
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If China builds CepC:
• FCC-hh? Linear Collider?
• FCC-ee? Muon Collider?

• Quite mixed, some not yet defined

COUNTRIES: ALTERNATIVE SCENARIOS (CEPC)
Germany

UK France

Italy

Switzerland

Spain
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If FCC is not feasible
• Linear Collider?

• But feasability & 
cost estimate needed

(Switzerland even refuses to consider alternatives)

COUNTRIES: ALTERNATIVE SCENARIOS ($$$)
Germany

Switzerland

Spain
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HL-LHC

LHeC

R&D

COUNTRIES: AOB

Italy

Italy

Germany
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Early Career Researchers
• 55 recommendations

• Some critique
on process

ECRS

https://indico.cern.ch/event/1439855/contributions/6461451/
https://indico.cern.ch/event/1439855/contributions/6461451/
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Outreach important
• Mentioned a lot

Sustainability
• Not so much

Nuclear community
• Concern about prospects

in case of e+e- collider
CERN is much more than just the lab!

SOME OTHER OBSERVATIONS
V.Mexner et al

P.Koppenburg et al
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Great that everyone 
could give their input

THUMBS UP TO THE ESPP PROCESS
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This is not good…

ESPP IN THE PUBLIC MEDIA
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CONCLUSIONS

HL-LHC
Our near-future focus

Fully exploit excellent program

FCC-ee
The European community’s 

preferred future collider project

Plan B ?
What if CepC in China?

What if FCC not feasible?
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CONCLUSIONS

HL-LHC
Our near-future focus

Fully exploit excellent program

FCC-ee
The European community’s 

preferred future collider project

Plan B ?
FCC-ee? Linear Collider?
FCC-hh? Muon Collider?

Diversity
A.o. Astroparticle, LHeC

R&D
MuCol, ERL, Wakefield, HTS



Tristan du Pree97

➔ Plan A seems already fixed 
➔ The discussion of Plan B and finances is possibly more important 

CONCLUSIONS

HL-LHC
Our near-future focus

Fully exploit excellent program

FCC-ee
The European community’s 

preferred future collider project

Plan B ?
FCC-ee? Linear Collider?
FCC-hh? Muon Collider?

Diversity
A.o. Astroparticle, LHeC

R&D
MuCol, ERL, Wakefield, HTS
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To many colleagues
for all discussions 
over the years…

THANKS EVERYONE!

FCC
Clara, Eric, 

Juan, Wouter W

C3

Harrry

ILC
Peter, Gerhard, 

Patrick

MuCol
Panos, Jacco, Mick, Frank F, 
Nicolo, Maarten, Alessandro

General Strategy
Jorgen, Jos E, Lydia, 

Frank L, Stan, Marcel M

HL-LHC
Pamela, Flavia, Raimond, Sascha, 

NielsT, Robert, Melissa, Wouter V&H

Astroparticle
Aart, Auke, Paul,
Marieke, Patrick

…and many students, postdocs and ECRs in the ATLAS group and elsewhere, inside and outside Nikhef

R&D
Niels vB, Kazu, 

Martin, Joris
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THE FUTURE: FROM GENEVA TO ANNECY?

Annemasse

Geneva

Annecy
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FROM GENEVA TO ANNECY (VIA VENICE)

Goede reis
Bon voyage
Buon viaggio
旅途愉快

Annemasse

Geneva

Annecy

Venice
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