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Future Circular Collider Integrated Programme- Scope

FCC-ee FCC-hh

Å Stage 1: FCC-ee (Z, W, H, tӶt) as Higgs factory, electroweak & top factory at highest luminosities

Å Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option

ÅHighly synergetic and complementary programme maximising the physics opportunities

ÅCommon civil engineering and technical infrastructures, building on and reusing CERNôs existing infrastructure

Å FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC

2020 - 2045 2048 - 2062 ~2075 - ~2100 (?) 2
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Preparing CERNôs Long-term Future

Driven by the 2020 Update of the 

European Strategy for Particle Physics

Å Technical and financial feasibility study of a Future 

Circular Collider (Spring 2025)

Å Accelerator R&D to develop technologies for FCC 

and for alternative options

Å Detector and computing R&D

Å Maintain a diverse and compelling scientific 

programme

Å Continue to support other projects around 

the world

CERN Council has completed the ESPP 

Update for 2026
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It is incredibly exciting & is a suitably ambitious next project for CERN 

Å FCC-ee is clear top priority from the 2026 European 

strategy update

Å Not yet approved ïbut hoping for positive decision in 2028
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December 2025: European Strategy Group Recommendations

Å The electronςpositron Future Circular Collider (FCC-ee) is recommended as the preferred 

option for the next flagship collider at CERN.

Å A descoped FCC-ee is the preferred alternative option for the next flagship collider at CERN.

May 2026: CERN Council updated European Strategy for Particle Physics

Å The FCC-ee would offer the broadest exploratory programme in fundamental physics, with 

outstanding discovery potential.

Å At the same time, the FCC-ee would drive the development of new technologies and train 

thousands of early-career scientists, engineers and technicians.

In addition to updating the Strategy, the Council has invited the CERN Management to initiate 

discussions with the relevant authorities and entities in the Member and Associate Member States, 

as well as non-Member States and the European Union, with a view to developing a financially 

feasible funding plan for the possible FCC-ee project.
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Vol. 1: Physics, Experiments & 

Detectors 

Vol. 2: Accelerators,Technical

Infrastructures, Safety Concepts

Vol. 3: Civil Engineering, 

Implementation & Sustainability

prepared with Overleaf & published by EPJ (Springer-Nature) ïFCCIS members

Input for 2025/26 Update of European Strategy for Particle Physics

These+other FCC input to ó25/26 ESPPU posted at https://indico.cern.ch/event/1534205/

Feasibility Study Report Completed on 31 March 2025 

https://doi.org/10.1140/epjc/s10052-025-15077-x

https://doi.org/10.1140/epjs/s11734-025-01967-4

https://doi.org/10.1140/epjs/s11734-025-01958-5

https://indico.cern.ch/event/1534205/
https://doi.org/10.1140/epjc/s10052-025-15077-x
https://doi.org/10.1140/epjs/s11734-025-01967-4
https://doi.org/10.1140/epjs/s11734-025-01958-5
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FCC Integrated ProgrammeςTimeline

Ambitious schedule taking into account:
Ç Past experience in building colliders at CERN

Ç Approval timeline: European Strategy for Particle Physics Update, CERN Council decision

Ç HL-LHC will run until 2041 

Ç Constraints imposed by present assumptions in funding model

Ç Project preparatory phase with adequate resources immediately after Feasibility Study
6
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Reference Layout and Implementation: PA31 - 90.7 km

Layout chosen out of ~ 100 initial variants, 

based on several criteria:

Å Geology.

Å Surface constraints (land availability, 

urban surroundings, etc.).

Å Environment (protected zones).

Å Infrastructure (electricity, transport).

Å Machine performance.

ñAvoid-reduce-compensateò principle of 

EU and French regulations.

Overall lowest-risk baseline: 

90.7 km ring, 8 surface points, 

4-fold superperiodicity & symmetry 
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Vuache limestone

and faults

Jura limestone

High mountains (900 m)

north of Fillière river valley

Water protection and

natural zones without

developed access

Known water reservoirs and

protected nature in CH

(legal + technical reasons)

Densely urbanized

and emerging areas

Strict landscape protection

and re-naturalization areas

Densely urbanized

High altitudes
Likely major opposition:

local urbanistic planning

for traffic calming &

nature protection

Clustered residential

areas and farm areas

Terrain difficult to

access and water

reservoirs

Water protection zones,

landscape protection zones,

altitudes

Discouraged due

to likely oppositions

Densely urbanized

and agriculture/nature

Densely populated

Densely urbanized

and emerging areas

(some spots possible)

Protected forest

J. Gutleber, V. Mertens
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Surface Site Locations: 7 in France and 1 in Switzerland
Optimisation done together with municipalities and region

Å Land plot needs to be communicated to Host States in view of protecting the required areas 

Å Process in FR: «prise en consideration», land plot in CH owned by Canton of Geneva

PA PB PD PF

PG PH PJ PL
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Territorial Dialogue and Public Participation
First cycle of public information meetings 
completed (April 2024 тMarch 2025)
11 sessions reached over 1,500 people in 
France & Switzerland 

Dialogue 

Website

During 2026:
Formal public participation process 
planned in France (Debat Public) and 
Switzerland(public concertation).

During 2025:
Second cycle of public 
information meetings . 
Presence days in 
municipalities affected by 
surface sites to enable 
discussion with habitants.
Meetings with stakeholders 
of the territory.
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Raw water need:

1 ï3 million m3/year

Water supply from Lake 

Geneva via existing SIG 

supply to CERN

Distribution via tunnel

Road access 

developed for all          

8 surface sites

Four highway 

connections to existing 

access areas

Less than 4 km of new 

roads required

Resource Needs & Connections to Regional Infrastructure

Electricity consumption 1.1 ï1.8 TWh/year 

Three supply points

- Two new substations from existing HV grid

- Reuse of present CERN station

Feasibility confirmed with RTE (FR operator)
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Key Features of the Underground Civil Engineering Baseline

ÅTunnel Circumference: 90.7 km

ÅExcavated volume: 6.25 Mm3 (in-situ)

ÅAccess shafts: 12

ÅConstruction shafts: 1

ÅLarge experiment sites: 2

ÅSmall experiment sites: 2

ÅTechnical sites: 4

ÅDeepest shaft: 400m

ÅAverage shaft depth: 243m

ÅTotal concrete volume: 2 M m3

Schematic of FCC-ee Baseline Underground Civil Engineering 12
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Optimum Placement of FCC Tunnel and Geology

Tunneling mainly in molasse layer (soft rock), well suited for fast, low-risk TBM construction.

6,25 million m3 excavated volume Ą ~8.5 million m3 excavation material on surface (expanded)

CE Designs of all underground structures developed

Average shaft depths ~240 m

To fix the vertical position of the tunnel, interfaces between geological layers have to be known
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Focused on 8 zones to improve precision of 

geological model and identify the intercased

moraine ïmolasse and molasse ïlimestone.

Å 86 km of seismic investigations completed

Å 15 of 27 bore holes completed

Å 1st lake bore hole completed

Å Completion of all bore holes ~June 2026

Results so far confirm geological model

Geological Investigations

14

Lake Geneva ï

November 2025
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FCC-ee Basic Design Choices and Performance

Å Double ring e+ e- collider, allowing many bunches, 

high current, like LHC and B factories, different from 

LEP

Å Synchrotron radiation power 50 MW/beam

at all beam energies. Energy loss DE per turn:

DE ~ g4/r = (E/m0)
4/r 

Å Asymmetric IR layout and optics to limit 

synchrotron radiation towards the detector and 

to provide large horizontal crossing angle 30 mrad

for crab-waist collision optics, demonstrated at  

DAFNE (Italy) and SuperKEKB (Japan)

Å Top-up injection scheme as at modern light 

sources (Australian Synchrotron) and as at recent 

e+e- colliders, PEP-II (USA), KEKB (Japan), 

BEPCII (China), requires booster synchrotron in 

collider tunnel

Ҧ104ï105x luminosity/el.energy of LEP

Ҧ sustainable physics

Combining concepts from past and present 

lepton colliders and using high-efficiency SRF 

system results in a giant step in efficiency:
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Stage 1: e+e- Collider FCC-ee

parameter Z WW H(ZH) ÔӶÔ

beam energy [GeV] 45.6 80 120 182.5

synchrotron radiation/beam 

[MW]
50 50 50 50

beam current [mA] 1294 135 26.8 5.1

number bunches / beam 11200 1852 300 64

total RF voltage 400/800 MHz 

[GV]
0.08 / 0 1.0 / 0 2.09 / 0 2.1 / 9.2

luminosity / IP [1034 cm-2s-1] 145 20 7.5 1.4

total integrated luminosity / IP / 

year [ab-1 / yr]
17 2.4 0.9 0.17

beam lifetime [min] 21 13 9 10

Consolidated main parameters

FCC-ee functional layout

3 years 

> 2x106 H 

5 years

2 x 106 tt pairs 

2 years

> 108 WW 

LEP x 104

4 years

6 x 1012 Z 

LEP x 105
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Stage 1: e+e- Collider FCC-ee
400 MHz System ïCollider Z, W, ZH

17

X 264

Superconducting elliptical 
cavity
Á 400 MHz, 2 -cell
Á 1.5 m. long

Á Electropolished and seamless 
RF surface

Á Niobium thin film with HiPIMS

X 66

Cryomodule
Á Segmented design, 4 cavities

Á Vertical FPC, HOM damping and 
extraction 

Á Frequency tuning system 
Á Thermal and magnetic shielding

Multibeam Tristron
Á 400 MHz
Á 46 kV
Á 500 kW, CW
Á ~ 90% efficiency

X 264

I. Syratchev
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Stage 1: e+e- Collider FCC-ee 
800 MHz System ïFor ÔӶÔCollider and Booster

X (408 + 448 )

Superconducting elliptical 
cavity
Á 800 MHz, 6 -cell
Á Nb3Sn if R&D is successful

X (102 + 112 )

Cryomodule
Á Segmented design, 4 cavities, 2 K
Á Operation at 4.5 K i f R&D successful

X 448

Multibeam Tristron
Á 800 MHz
Á 250 kW, CW X 408

Solid State 
Amplifier (SSA)
Á 800 MHz
Á 10 -15 kW pulsed

A. Butterworth
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Design of Arc Magnets, Girders, Cavities, Prototypes, Mock-ups

Vibration studies with girder on PSI jacks 

Arc half-cell = 

the most repeated 

region of 

mechanical 

hardware in the 

tunnel: Ą 77 km 

over 90 km are 

arc cells

Booster dipole

low-field 

cycling 

magnet

Twin-dipole 

design with 2×

power saving 

16 MW

(at 175 GeV)

800 MHz bulk Nb 5-cell cavity

Prototype fulfilling FCC specs

JLAB, F. Marhauser
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Arc Half Cell Mock-up ïFrom Concept to Reality

~ 30 m

~ 5.5 m

Mock-up installation well advanced, all services mounted, and machine lines currently being installed !

Key input for optimising 80 km FCC arc sections w.r.t. installation, integration, transport, robotics, etc. 
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ÅContinue developing the international high-energy physics community

ÅConsolidation of the interaction region layout, detector integration, and beam-background mitigation

ÅOptimised procedures for ãs calibration& possible monochromatic operation at ãs = 125 GeV

ÅFinalising common software/analysis framework and developing common computing architecture

ÅRealistic studies of experimental systematic uncertainties for some EW precision measurements and 

consolidation of the pertaining requirements on collider, detectors, and theory

Å Engagement of theory community to address theory challenge and nurture the young generation

ÅProposal for staging implementation and improvements of the staged/descoped FCC-ee

Å Prepare to answer call for (at least 4) documented EoIôs for FCC-ee experiments end 2028

Physics, Experiments, Detectors - Objectives
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FCC-hh: Highest Collision Energies

22

Å Order of magnitude performance 

increase in both energy & luminosity 

Å 20 ab-1 per experiment collected over 

25 years of operation (vs 3 ab-1 for LHC)

Å Similar performance increase as from 

Tevatron to LHC

Å Key technology: high-field magnets

FNAL dipole 

demonstrator

4-layer 

cos(theta) 

14.5 T Nb3Sn     

in 2019

from 

LHC technology 

8.3 T NbTi dipole

via 

HL-LHC technology 
12 T Nb3Sn quadrupole
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Stage 2: Hadron Collider FCC-hh

Main parameters FSR 2025 FCC-hh functional layout

parameter
FCC-

hh

FCC-hh

CDR

HL-LHC

collision energy cms [TeV] 85 100 14

dipole field [T] 14 16 8.33

circumference [km] 90.7 97.8 26.7

beam current [A] 0.5 0.5 1.1

synchr. rad. per ring [kW] 1200 2400 7.3

peak luminos. [1034 cm-2s-1] 30 30 5 (lev.)

integr. luminosity / IP [fb-1] 20000 20000 3000

Å Parameter optimization to lower electricity consumption (~max. consumption of FCC-ee) 

ÅMagnetic field considered realistic with todayôs technologies (Nb3Sn, ~14T, 1.9 K)

Å For Nb3Sn @ 1.9 K: 355 MW el, consumption and 2.3 TWh/y

Å For Nb3Sn @ 4.5 K potential to reduce to ~1.8 TWh/y as FCC-ee.
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Stage 2: Hadron Collider FCC-hh
FCC-hh High-Field Magnet Nb3Sn and HTS R&D

Nb3Sn: 
Å 12- and 14-T short demonstrators

Å Different coil geometries             
Å Tests scheduled for 2026

B. Auchmann, E. Todesco

Down selection of technology by 2035-2040

HTS R&D in various domains:
Å REBCO and IBS Conductor R&D

Å Racetrack coil developments
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From Feasibility Study to Project Preparation

Å Following the positive assessment of the 
Feasibility Study and Council approving the 
continuation, the FCC moves towards 
technical design.

Å Expertise across CERN and from 
collaboration partners is required to be 
able to deliver an integrated technical 
design, with cost estimate and schedule, 
taking into account project authorisation 
processes, societal acceptance, 
procurement strategy.

2026-2028 Reference Design Phase

2029-2032 Technical Design Phase

25

Key point: This is the decision preparation phase, not an execution phase
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Objectives of Reference Design Phase
Å

Å Increase maturity of technical design - in particular considering the outcome of and the 

recommendations from the feasibility study review.

Å Overall project integration and requirements on civil engineering sufficiently detailed to 

enable subsequent launch of civil engineering tender design in case of project approval.

Å Overall project design sufficiently detailed to allow advancing with environmental impact and 

evaluation as core parts of authorisation processes in Host States.

What this phase delivers: Reference design for FCC-ee

Å Integrated project schedule.

Å Resource and cost model.

Å Risk identification and mitigation.

Å Plan for project authorisation.

=> Basis for Council decision on FCC

26
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Status of the FCC Global Collaboration

188 

Institutes

41 

Countries

+ 

CERN

Increasing international collaboration is a prerequisite for success:

ü Links with science, research & development and high-tech industry will be essential to further   

advance and prepare the implementation of the FCC

ü Next step is preparation of a plan with collaboration partners for in-kind contributions to the project

ü New MoU & Addendum for the Technical Design Phase

41 Participating 

Countries
Austria ïBelgium ïBrazil ïCanada ïChile ï

Colombia ïCzech Republic ïDenmark ïEstonia ï

Finland ïFrance ïGeorgia ïGermany ïGreeceï

Hungary ïIndia ïIran ïItaly ïJapan ïLatvia ï

Lithuania - Malta ïMexico ïMorocco - Netherlands ï

Norway ïPakistan ïPoland ïPortugal ïRepublic of 

Korea ïRomania ïSerbia ïSlovakia - Spain ï

Sweden ïSwitzerland ïThailand ïTürkiye ïUkraine ï

United Kingdom ïUnited States of America
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FCC and Greece

ÅHellenic Open University (Patras), September 2014

ÅUniversity of Patras, November 2016

ÅAristotle University of Thessaloniki, December 2016

ÅNational and Kapodistrian University of Athens, January 2017

ÅUniversity of Thessaly, November 2022

ÅNational Technical University of Athens, March 2023

FCC MoUs signed with

28
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FCC-ee Cost Estimate (FSR 2025)

Domain Cost [MCHF]

Civil engineering 6,160

Technical infrastructures 2,840

Injectors and transfer lines 590

Booster and collider 4,140

CERN contribution to four experiments 290

FCC-ee total 14,020

+ four experiments (non-CERN part) 1,300

FCC-ee total incl. four experiments 15,320

Capital cost (2024 CHF) for construction of the FCC-ee is summarised below. This cost includes construction 

of the entire new infrastructure and all equipment for operation at the Z, WW and ZH working points.

Note: Upgrade of SRF (800 MHz) & cryogenics for ttbar operation corresponds to 

additional cost of 1,260 MCHF.
29
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Progress and Support TowardsFunding

26 April 2024

White House Office of Science 
and Technology Policy Principal 
Deputy U.S. Chief Technology 
Officer Deirdre Mulligan signed 
for the United States while 
Director-General Fabiola 
Gianotti signed for CERN.

Statements of intent to collaborate on with CERN on 
construction and exploitation of  FCC-ee, signed with 
US and with Canada.

Strong support from European Union expressed in the 
recent EU Competitiveness Report stating inter alia that

άhƴŜ ƻŦ /9wbΩǎ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ŎǳǊǊŜƴǘ ǇǊƻƧŜŎǘǎΣ ǿƛǘƘ 
significant scientific potential, is the construction of the 
CǳǘǳǊŜ /ƛǊŎǳƭŀǊ /ƻƭƭƛŘŜǊΧ     ΦΦΦwŜŦƛƴŀƴŎƛƴƎ /9wb ŀƴŘ ŜƴǎǳǊƛƴƎ 
its continued global leadership in frontier research should be 
ǊŜƎŀǊŘŜŘ ŀǎ ŀ ǘƻǇ 9¦ ǇǊƛƻǊƛǘȅέ

άL ŀƳ ǇǊƻǳŘ ǘƘŀǘ ǿŜ ƘŀǾŜ ŦƛƴŀƴŎŜŘ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ǎǘǳŘȅ ŦƻǊ /9wbΩǎ 
CǳǘǳǊŜ /ƛǊŎǳƭŀǊ /ƻƭƭƛŘŜǊ όC//ύΦΦΦέ
Ursula von der Leyen, President of the European Commission, 
during CERN 70 anniversary celebrations

9 April 2025

CERN Director-General, Fabiola 
Gianotti, and His Excellency Mr 
Patrick Wittmann, Ambassador of 
Canada to Switzerland and 
Liechtenstein, exchanging signed 
copies of the joint Statement of 
Intent between CERN and Canada. 

For 2028-2034 budget plan, a 3 BEurobudget line 
for FCC is proposedby the EuropeanCommission, 
to beapprovedby EuropeanParliamentin 2027.
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FCC Collaboration Framework

Å A consortium of             
partners based on a
Memorandum Of 
Understanding (MoU) 

Å Working together on a
best effort basis

Å Incremental & open to 
academia and industry

Å Individual projects               
defined in specific 
addenda

Next FCC collaboration meeting is the FCC 
WEEK 2027 in Madrid, Spain
Entire community is invited and welcome!


