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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 

Next: A Higgs factory
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ESPP Update 2020 “High-priority future initiatives”

• 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..”

→ launch of Future Circular Collider Feasibility Study in summer 2021
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Technical 

schedule

❑ Feasibility Study: 2021-2025

❑ If project approved before end of 

decade → construction can start 

beginning 2030s

❑ FCC-ee operation ~2045-2060

❑ FCC-hh operation 2070-2090++

20-30

2-4 experiments

Timeline of the FCC integrated programme

F. Gianotti
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Plans for high-risk area site investigations

JURA, VUACHE (3 AREAS)

Top of limestone 

Karstification and filling-in at the tunnel depth

Water pressure

LAKE, RHÔNE, ARVE AND USSES VALLEY (4 AREAS)

Top of the molasse

Quaternary soft grounds, water bearing layers

MANDALLAZ (1 AREAS)

Water pressure at the tunnel level

Karstification 

BORNES (1 AREA)

High overburden molasse properties

Thrust zones

Site investigations planned for mid 2023 – mid 2025: 

~40-50 drillings, 100 km of seismic lines



Physics, Experiments and 
Detectors
Patrick Janot
Gavin Salam

Physics programme

Matthew McCullough, Frank Simon

Detector concept

Mogens Dam

Physics performance

Patrizia Azzi, Emmanuel Perez

Software and computing

Gerardo Ganis, Clément Helsens

Accelerators

Tor Raubenheimer
Frank Zimmermann

FCC-ee collider design

Katsunobu Oide 

FCC-hh design

Massimo Giovannozzi

Technology R&D

Roberto Losito

FCC-ee booster design

Antoine Chancé

FCC-ee injector

Paolo Craievich, Alexej Grudiev

FCC-ee energy calibration  polarization

Alain Blondel, Jorg Wenninger

FCC-ee MDI
Manuela Boscolo, Mike Sullivan

Technical Infrastructures

Klaus Hanke

Integration

Jean-Pierre Corso

Geodesy & survey

Hélène Mainaud Durand

Electricity and energy management

Jean-Paul Burnet

Cooling and ventilation

Guillermo Peon

Cryogenics systems

Laurent Delprat

Computing and controls infrastructure, 
communication and network

Dirk Duellmann

Safety

Thomas Otto

Operation, maintenance, availability, 
reliability

Jesper Nielsen

Transport, installation concepts

Cristiana Colloca

Host State processes and civil 
engineering

Timothy Watson

Administrative processes

Friedemann Eder

Placement studies

Johannes Gutleber, Volker Mertens

Environmental evaluation

Johannes Gutleber

Tunnel, subsurface design

John Osborne

Surface sites layout, access and 
building design

Organisation and financing
models

Paul Collier (interim)

Project organisation model

Financing model

Florian Sonnemann

Procurement strategy and rules

In-kind contributions

Operation model

Paul Collier, Jorg Wenninger

FCC Feasibility Study – coordination team and contact persons

Study Support and Coordination

Study Leader: Michael Benedikt

Deputy Study Leader: Frank Zimmermann

Study Support Unit

IT: Sylvain Girod

Procurement: Adam Horridge

Quality control: NN

Resources: Sylvie Prodon

Scheduling, quality mangement: NN

Secretariat: Julie Hadre

EU Projects

NN

Collaboration building

Emmanuel Tsesmelis

Communications

Panagiotis Charitos, James Gillies
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The Compact Linear Collider (CLIC)

• Timeline: Electron-positron linear collider at CERN for the era beyond 

HL-LHC 

• Compact: Novel and unique two-beam accelerating technique with 

high-gradient room temperature RF cavities (~20’500 structures at 

380 GeV), ~11km in its initial phase

• Expandable: Staged programme with collision energies from 380 GeV 

(Higgs/top) up to 3 TeV (Energy Frontier)

• CDR in 2012 with focus on 3 TeV. Updated project overview 

documents in 2018 (Project Implementation Plan) with focus 380 GeV 

for Higgs and top. 

• Cost: 5.9 BCHF for 380 GeV (stable wrt 2012)

• Power: ~110 MW at 380 GeV (reduced wrt 2012), 

corresponding to 50% of CERN’s energy consumption today 

• Comprehensive Detector and Physics studies 

Accelerating structure 
prototype for CLIC: 
12 GHz  (L~25 cm)
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CLIC timeline

Ramp-up and up-time assumptions: 

arXiv:1810.13022, Bordry et al.

Technology Driven Schedule from start of construction shown above. 

A preparation phase of ~5 years is needed before (estimated resource need for this 
phase is  ~4% of overall project costs)
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The CLIC accelerator 

studies are mature:

Optimised design for 

cost and power 

Many tests in CTF3, 

FELs, lightsources and 

test-stands

Technical developments 

of “all” key elements 

CLIC is a mature design/study
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Project Readiness Report as a step toward a TDR – for next ESPP
Assuming ESPP in 2026, Project Approval ~ 2028, Project (tunnel) construction can start in ~ 2030.

Focusing on:
• The X-band technology readiness for the 380 GeV CLIC initial phase
• Optimizing the luminosity at 380 GeV
• Improving the power efficiency for both the initial phase and at high energies

10

CLIC Project Readiness

Goals for these studies by ~2025:

• Improved 380 GeV 

parameters/performance/project plan 

• Push multi-TeV options/parameters
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CLIC parameters
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Examples of R&D 

CLIC / Stapnes

X-band 

CPI 50MW  1.5us klystron
Scandinova M odulator
Rep Rate 50Hz
Beam test capabilities

Xbox-1

Ongoing test:
CPI2 repair validation and 
interferom etry tests

OPERATIONAL

Xbox-2

CPI 50M W  1.5us klystron
Scandinova Modulator
Rep Rate 50Hz

Ongoing test:
CLIC  TD 26 CLEX SuperStructure

Klystron repair

Xbox-3

2x Toshiba 6MW  5us klystron
2x Scandinova Modulators
Rep Rate 400Hz

OPERATIONAL

Ongoing test:
SARI X-band deflector
High pow er w indow

S-box (3GHz) also being set up again to test KT structure, PROBE and the new injector

N. Catalan

EU projects: ARIES, I-FAST, new TNA 

Structures and components  production programme

to study designs, operation/conditioning, 

manufacturing, industry qualification/experience  

Industrial questionnaire:

Based on the companies

feedback, the preparation
phase to the mass

production could take
about five years. Capacity

clearly available.
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• CompactLight Design Studies 2018-21 (right) 

• INFN 1 GeV linac

• Flash RT CDR, next build it at CHUV

• “ Design Studies”  for ICS

• AERES, IFAST and TNA project 

Applications – injector, X-band modules, RF 

X-band accelerating modules

SXR
STATIONS

HXR
STATIONS

LINAC1LINAC0

FEL-1
AB
-1

LINAC3 FEL-2
AB
-2

GHz 
SPLITTER

SPLIT
PI LASER

TIMING
CHICANE

FIXED POL.

FIXED POL.

VAR POL.

VAR POL.

LINAC2

0.3 GeV
BEAM
DUMP

BASELINE Schematic
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CLIC acc. studies – luminosities  

Further work on luminosity performance, possible improvements and 

margins, operation at the Z-pole and gamma-gamma

• Z pole performance, 2.3x1032 – 0.4x1034 cm-2 s-1

• The latter number when accelerator configured for Z running (e.g. 

early or end of first stage) 

• Gamma – Gamma spectrum (example) 

• Luminosity margins and increases

• Baseline includes estimates static and dynamic degradations from 

damping ring to IP: 1.5 x 1034 cm-2 s-1, a “ perfect”  machine will 

give : 4.3 x 1034 cm-2 s-1, so significant upside 

• In addition: doubling the frequency (50 Hz to 100 Hz) would 

double the luminosity, at a cost of +50 MW and ~5% cost increase  

• Studies cover from beam-dynamics to technical studies of the 

required performances of stability, alignment, instrumentation, 

magnets, BDS, final focus, injectors including positrons, damping 

rings –priority for next ESU 

• CLIC note and paper about these studies

CLIC / Stapnes

High Eff. Klystrons
L-band, X-band (for 

applications/collaborators and test-

stands

High Efficiency implementations:

• New small X-band klystron, ordered

• Large with CPI, work with INFN

• L-band two stage, design done, prototyping 

for FCC

Also important, redesign of damping ring RF 

system (well underway) – no klystron

development foreseen 

Location: CERN Bldg: 112

Work with SY-EPC

Drivebeam klystron: The klystron efficiency (circles) and the peak RF power

(squares) simulated for the CLIC TS MBK (solid lines) and measured for the Canon

MBK E37503 (dashed lines) vs total beam power. See more later.

Publication: https:/ / ieeexplore.ieee.org/document/9115885
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Photon (from electrons) and hadron therapy (protons and ions) 

50 mill pat ients 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 collaboration with 

Lausanne University Hospital (CHUV)

37
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Synchrotron Light Sources: about 50 storage ring based

60‘000 users world-wide

Established, mature technology

From L.Rivkin EPFL
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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


