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FCC integrated program

FCC-ee

2020 - 2046 2045 - 2060 2070 - 

FCC-hh

comprehensive long-term program maximizing physics opportunities
Åstage 1: FCC-ee (Z, W, H, ÔӶÔ) as Higgs factory, electroweak & top factory at highest luminosities
Åstage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option

Åhighly synergetic and complementary programme boosting the physics reach of both colliders 

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

ÅFCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC
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C// ƛƴǘŜƎǊŀǘŜŘ ǇǊƻƎǊŀƳ π ǘƛƳŜƭƛƴŜ
Note: FCC Conceptual Design Study 

           started in 2014 leading to CDR 

           in 2018

2032 2045 2070
ñRealisticò schedule taking into account:
Ç past experience in building colliders at CERN

Ç approval timeline: ESPP, Council decision

Ç that HL-LHC will run until 2041 

Can be accelerated if more resources available
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9ǳǊƻǇŜŀƴ {ǘǊŀǘŜƎȅ ŦƻǊ tŀǊǘƛŎƭŜ tƘȅǎƛŎǎ

2013 Update of European Strategy for Particle Physics:

ñCERN should undertake design studies for accelerator projects in a global context, with 
emphasis on proton-proton and electron-positron high-energy frontier machines.ò

Ҧ FCC Conceptual Design Reports (2018/19)

 

2020 Update of European Strategy for Particle Physics:

ñEurope, together with its international partners, should investigate 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.ò

Vol 1 Physics, Vol 2 FCC-ee, Vol 3 FCC-hh, Vol 4 HE-LHC

CDRs published in European Physical Journal C (Vol 1) 

and ST (Vol 2 ï4) 

EPJ C 79, 6 (2019) 474  , EPJ ST 228, 2 (2019) 261-623 ,              

EPJ ST 228, 4 (2019) 755-1107  , EPJ ST 228, 5 (2019) 1109-1382 

https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://link.springer.com/article/10.1140/epjst/e2019-900087-0
https://link.springer.com/article/10.1140/epjst/e2019-900088-6
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Ç demonstration of the geological, technical, environmental and administrative feasibility of the tunnel and surface areas and 
optimisation of placement and layout of the ring and related infrastructure;

Ç pursuit, together with the Host States, of the preparatory administrative processes required for a potential project approval 
to identify and remove any showstopper; 

Ç optimisation of the design of the colliders and their injector chains, supported by R&D to develop the needed key 
technologies;

Ç elaboration of a sustainable operational model for the colliders and experiments in terms of human and financial resource 
needs, as well as environmental aspects and energy efficiency;

Ç development of a consolidated cost estimate, as well as the funding and organisational models needed to enable the 
ǇǊƻƧŜŎǘΩǎ ǘŜŎƘƴƛŎŀƭ ŘŜǎƛƎƴ ŎƻƳǇƭŜǘƛƻƴΣ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ƻǇŜǊŀǘƛƻƴΤ

ÇƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǎǳōǎǘŀƴǘƛŀƭ ǊŜǎƻǳǊŎŜǎ ŦǊƻƳ ƻǳǘǎƛŘŜ /9wbΩǎ ōǳŘƎŜǘ for the implementation of the first stage of a possible 
future project (tunnel and FCC-ee);

Ç consolidation of the physics case and detector concepts for both colliders.

Results will be summarised in a Feasibility Study Report to be released at end 2025

FCC Feasibility Study (2021-2025): high-level objectives

F. Gianotti
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PA: Experiment

PB: technical

PD: experiment

PF: technical

PG: experiment

PH: technical

PJ: experiment

PL: technical

Layout chosen out of ~ 100 initial variants, based on geology and 

surface constraints (land availability, access to roads, etc.), 

environment, (protected zones), infrastructure (water, electricity, 

transport), machine performance etc.

ñAvoid-reduce-compensateò principle of EU and French regulations

Overall lowest-risk baseline: 90.7 km ring, 8 surface points, 
Whole project now adapted to this placement

Number of surface sites 8

Surface requirements ~40 ha

LSS@IP (PA, PD, PG, PJ) 1400 m

LSS@TECH (PB, PF, PH, PL) 2032 m

Arc length 9.6 km

Sum of arc lengths 76.9 m

Total length 90.7 km

V. Mertens,
J. Gutleber

Optimizedplacement and layout for feasibility study



Regional implementation activities

aŜŜǘƛƴƎǎǿƛǘƘƳǳƴƛŎƛǇŀƭƛǘƛŜǎŎƻƴŎŜǊƴŜŘ
ƛƴ CǊŀƴŎŜ όомύ ŀƴŘ {ǿƛǘȊŜǊƭŀƴŘόмлύ
t! ςCŜǊƴŜȅ±ƻƭǘŀƛǊŜ όCwύ ςŜȄǇŜǊƛƳŜƴǘ ǎƛǘŜ

t. ςtǊŞǎƛƴƎŜκ/ƘƻǳƭŜȄό/Iύ ςǘŜŎƘƴƛŎŀƭ ǎƛǘŜ

t5 ςbŀƴƎȅόCwύ ςŜȄǇŜǊƛƳŜƴǘ ǎƛǘŜ

tC ςwƻŎƘŜ ǎǳǊ CƻǊƻƴκ9ǘŀǳȄόCwύ ςǘŜŎƘƴƛŎŀƭ ǎƛǘŜ

tD ς/ƘŀǊǾƻƴƴŜȄκDǊƻƛǎȅόCwύ ςŜȄǇŜǊƛƳŜƴǘ ǎƛǘŜ

tI ς/ŜǊŎƛŜǊόCwύ ςǘŜŎƘƴƛŎŀƭ ǎƛǘŜ

tW ς±ǳƭōŜƴǎκ5ƛƴƎȅ Ŝƴ±ǳŀŎƘŜόCwύŜȄǇŜǊƛƳŜƴǘ ǎƛǘŜ

t[ ς/ƘŀƭƭŜȄόCwύ ςǘŜŎƘƴƛŎŀƭ ǎƛǘŜ

5ŜǘŀƛƭŜŘ ǿƻǊƪ ǿƛǘƘ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎ ŀƴŘ Ƙƻǎǘ ǎǘŀǘŜǎ

π ƛŘŜƴǘƛŦȅ ƭŀƴŘ Ǉƭƻǘǎ ŦƻǊ ǎǳǊŦŀŎŜ ǎƛǘŜǎ

π ǳƴŘŜǊǎǘŀƴŘ ǎǇŜŎƛŦƛŎ ŀǎǇŜŎǘǎ ŦƻǊ ŘŜǎƛƎƴ

π ƛŘŜƴǘƛŦȅ ƻǇǇƻǊǘǳƴƛǘƛŜǎ όǿŀǎǘŜ ƘŜŀǘΣ ǘŜŎΦύ

π ǊŜǎŜǊǾŜ ƭŀƴŘ Ǉƭƻǘǎ ǳƴǘƛƭ ǇǊƻƧŜŎǘ ŘŜŎƛǎƛƻƴ

The support of the host states is greatly
appreciatedand essential for the studyprogress!

Status1 June 2024



FCC tunnel implementation

Tunnel implementation summary

Å 91 km circumference

Å 95% in molasse geology for minimising tunnel construction risks

Å Site investigations in zones where tunnel is close to geological interfaces: moraines-molasse-limestone
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Status site investigations

Drilling works on the lake

Site investigations to identify exact 

location of geological interfaces:

ÅMolasse layer vs 

moraines/limestone

Å~30 drillingsand 

Å~100 km seismiclines

ÅStart in July 2024

ĄVertical position and inclination of tunnel
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On 15 May, RTS (Radio Télévision
Suisse) broadcasted a special 
ǇǊƻƎǊŀƳ ŎŜƭŜōǊŀǘƛƴƎ /9wbΩǎ тлǘƘ 
ŀƴƴƛǾŜǊǎŀǊȅ ŀƴŘ ƘƻǎǘŜŘ ŀǘ /9wbΩǎ 
Science Gateway.

The event featured a comprehensive look at 
CERN's illustrious history, groundbreaking 
achievements, and future ambitions, including 
the prominently featured Future Circular 
Collider (FCC) project with study experts 
interacting with the audience.

La Roche-sur-Foron - Haute Savoie 
international fare April 27 to May 6

/9wbΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ CŀƛǊ 
of Haute-Savoie/Mont Blanc, enhanced by the 
valuable help of volunteers from the FCC 
team, resulted in meaningful discussions with 
more than 2000 members of the local 
community on topics ranging from the 
required technological advancements to 
sustainability measures.

Start of public information & engagement sessions

First public information and 
discussion meeting at the Science 
Gateway on the 24th April at CERN.

The meeting was organised for the 
local community of our Host States, 
France and Switzerland, in the Science 
Gateway. The "Progress of the 
feasibility study of the Future FCC 
circular collider" was followed by a 
discussion with the participants.



2024-06-14 /9 ǳƴŘŜǊƎǊƻǳƴŘ ǇǊƻƎǊŜǎǎ

ÅFull 3D model of underground 

structures as basis for 

costing exercies

ÅUpdate of scheduling and 

costing with external 

consultant ongoing

ÅIndependent second 

costing exercise based 

on same bill of quantities 

will be done

ÅExperiment Site (PA)

ÅTechnical Site (PB)



2024-06-14 CE surface progress

Generic study of experiment 

site and technical site by 

FNAL

Åbills of quantities extracted from FNAL designs

Åbasis for cost estimate by consultant with 

experience on industrial constructions in CH-

FR area. 
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Point D ς Example of linear schedule

CE construction schedules (example) T. Watson

CE linear construction schedule



2024-06-14{ǘǳŘƛŜǎ ƻƴ ŜȄŎŀǾŀǘƛƻƴ ǎǘǊŀǘŜƎȅ ŀƴŘ ƳŀǘŜǊƛŀƭ ǉǳŀƴǘƛǘƛŜǎ

2 TBMs from each experimental point   Alternative with no TBMs from PA



2024-06-14 Excavation material management

An innovative local approach for excavated materials:

Courtesy: J. Gutleber

Excavated material from FCC subsurface 
infrastructures: 6.5 Mm3 in situ, 8.4 Mm3 
excavated (bulk factor 1.3)

2021-2022: International competition ñ Mining the 
Futureò,  launched with the support of the EU 
Horizon 2020 grant agreement 951754, to find 
innovative and realistic ideas for the reuse of 
Molasse (95% of excavated materials)

2023: Definition of the ñOpenSky Laboratoryò 
project: 

Å Objective: Develop and test an innovative 
process to transform sterile ñmolasseò into 
fertile soil for agricultural use and afforestation. 

Å Duration: 4 years (2024-2027) 

Å CERN LHC point 5 CMS

 



Connections to transport infrastructure

ÅRoad accesses identified and documented for all 8 surface sites
ÅFour possible highway connections defined (materials transport)
ÅTotal amount of new roads required < 4 km (at departmental road level)

Å 9ΦƎΦ ±ŀƭƭŜƛǊȅ bƻǊŘ

5ŜǘŀƛƭŜŘ ǊƻŀŘ ŀŎŎŜǎǎ ǎŎŜƴŀǊƛƻǎ 
ϧ ƘƛƎƘǿŀȅ ŀŎŎŜǎǎ ŎǊŜŀǘƛƻƴ ǎǘǳŘȅ 
ŎŀǊǊƛŜŘ ƻǳǘ ōȅ /ŜǊŜƳŀΣ 
ƛƴŎƭǳŘƛƴƎ ǊŜƎǳƭŀǘƻǊȅ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƛƴ CǊŀƴŎŜ



Connections to electrical grid infrastructure

The loads could be distributed on three main sub-stations 

(optimally  connected to existing regional HV grid):

Å Point D with a new sub-station covering PB ï PD ï PF ï PG

Å Point H with a new dedicated sub-station for collider RF

Å Point A with existing CERN station covering PB ï PL ï PJ

 Å Connection concept was studied and confirmed by 

RTE (French electrical grid operator) Č requested 

loads have no significant impact on grid

Å Powering concept and power rating of the              

three sub-stations compatible with FCC-hh

Å R&D efforts aiming at further reduction of the energy 

consumption of FCC-ee and FCC-hh

Updated FCC-eeenergyconsumtion Z W H TT
Beam energy (GeV) 45.6 80 120 182.5

Max. Power during beam operation (MW) 222 247 273 357

Average power / year (MW) 122 138 152 202

Total FCC-ee yearly consumption (TWh) 1.07 1.2 1.33 1.77

Yearly consumption CERN & SPS (TWh) 0.70 0.70 0.70 0.70

Total yearly consumpt. CERN & SPS &  FCC-ee (TWh) 1.77 1.90 2.03 2.47



му

Expectedtime line till start of construction

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
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FS Report

cost update

Pre-TDR Phase TDR Phase
Feasibility 

Study

Project 
Decision

CE Concept Design update
Start 

construction

Detector EOI 

submissions
FC3 formation, 

call for CDRs

Detector CDRs 

submitted to FC3 

ESPPU 

2025/26

Construction ĄĄĄ

Construction Design

TDR

cost update

CE Tender Design

engineering design Ą

Phase 1 Site 
Investigations

Environmental Impact study & Authorization Process

Phase 2 Site Investigations

accelerator design, technical infrastructure design, R&D, towards TDR

pre TDR

cost update



FCC-ee Injector

Overall injector parameter optimisation
ÅhǇŜǊŀǘƛƻƴ ŦǊŜǉǳŜƴŎȅΣ ƎǊŀŘƛŜƴǘΣ ŜǘŎΧ
ÅPositron production energy, damping ring energy

P. Craievich, W. Bartmann,   
Y. Papaphilippou, C. Milardi

Injector implementation study on 
CERN Prevessin Site

I¢{ bL ǘŀǊƎŜǘ ǎƻƭŜƴƻƛŘ 
WΦ YƻǎǎŜΣ ¢Φ aƛŎƘƭƳŀȅǊΣ IΦ wƻŘǊƛƎǳŜǎ

άtƻǎƛǘǊƻƴ ǇǊƻŘǳŎǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘέ ŀǘ t{LΩǎ SwissFEL,  
beam tests from 2025/26



2024-06-14 Transfer line FCC-ee (option with SPS for FCC-hh)

LINAC and Injection Tunnels

ÅDesigned to enable injection either 

from SPS as pre-booster or from a 

new HE Linac sited at Prevessin

ÅSingle tunnel with spur to enable 

anti-clockwise injection

ÅDesign allows re-use for FCC-hh if 

injector in the SPS tunnel (SC-SPS 

option)

ÅSPS Point 4 to FCC (clockwise)

ÅSPS Point 6 to FCC (counter-c.w.)



2024-06-14 C//πŜŜ Ƴŀƛƴ ƳŀŎƘƛƴŜ ǇŀǊŀƳŜǘŜǊǎ

F. Gianotti

3 years 

  2 x 106 H 
5 years

 2 x 106 tt pairs 

2 years

 > 108 WW 

 LEP x 104

4 years

 5 x 1012 Z 

 LEP x 105

Ç x 10-50 improvements on all EW observables

Ç up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC 

Ç x10 Belle II statistics for b, c, Ű 

Ç indirect discovery potential up to ~ 70 TeV

Ç direct discovery potential for feebly-interacting particles over 5-100 GeV mass range

Up to 4 interaction points Ą robustness, 

statistics, possibility of specialised detectors

to maximise physics output

Design and parameters to 

maximise luminosity at all 

working points:

Å allow for 50 MW synchrotron 

radiation per beam. 

Å Independent vacuum systems 

for electrons and positrons

Å full energy booster ring with 

top-up injection, collider 

permanent in collision mode

Parameter Z WW H(ZH) ttbar

beam energy [GeV] 45.6 80 120 182.5

beam current [mA] 1270 137 26.7 4.9

number bunches/beam 11200 1780 440 60

bunch intensity  [1011] 2.14 1.45 1.15 1.55

SR energy loss / turn [GeV] 0.0394 0.374 1.89 10.4

total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.1/0 2.1/9.4

long. damping time [turns] 1158 215 64 18

horizontal beta* [m] 0.11 0.2 0.24 1.0

vertical beta* [mm] 0.7 1.0 1.0 1.6

horizontal geometric emittance [nm] 0.71 2.17 0.71 1.59

vertical geom. emittance [pm] 1.9 2.2 1.4 1.6

vertical rms IP spot size [nm] 36 47 40 51

beam-beam parameter xx / xy 0.002/0.0973 0.013/0.128 0.010/0.088 0.073/0.134

rms bunch length with SR / BS [mm] 5.6 / 15.5 3.5 / 5.4 3.4 / 4.7 1.8 / 2.2

luminosity per IP [1034 cm-2s-1] 140 20 Ó5.0 1.25

total integrated luminosity / IP / year [ab-1/yr] 17 2.4 0.6 0.15

beam lifetime rad Bhabha + BS [min] 15 12 12 11



modified FCC-ee RF layout

J.-P. Burnet F. Valchkova, F. Peauger

Collider RF -  Point H (400 and 800 MHz)

Booster RF -  Point L 
(800 MHz only)

ÅwC ŦƻǊ ŎƻƭƭƛŘŜǊ ŀƴŘ ōƻƻǎǘŜǊ ƛƴ ǎŜǇŀǊŀǘŜ 
ǎǘǊŀƛƎƘǘ ǎŜŎǘƛƻƴǎ I ŀƴŘ [Φ

ÅŦǳƭƭȅ ǎŜǇŀǊŀǘŜŘ ǘŜŎƘƴƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 
ǎȅǎǘŜƳǎ όŎǊȅƻƎŜƴƛŎǎύ

ÅŎƻƭƭƛŘŜǊ wC όƘƛƎƘŜǎǘ ǇƻǿŜǊ ŘŜƳŀƴŘύ ƛƴ 
Ǉƻƛƴǘ I ǿƛǘƘ ƻǇǘƛƳǳƳ ŎƻƴƴŜŎǘƛƻƴ ǘƻ 
ŜȄƛǎǘƛƴƎ плл ƪ± ƎǊƛŘ ƭƛƴŜ ŀƴŘ ōŜǘǘŜǊ 
ǎǳƛǘŜŘ ǎǳǊŦŀŎŜ ǎƛǘŜ


