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Introduction
• Reminder: Outcome of the 2020 European Strategy Process

• 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.

• Future Circular Collider (FCC) Feasibility Study launched in 2021

• Mid-term review by end of 2023

• Full Feasibility Study Report in 2025

• Outcome from the US Snowmass+P5 process expected soon
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The FCC Program
• Comprehensive long-term program with physics at the intensity and energy 

frontier: 

• Electron-positron collider: FCC-ee (Z, W, H, tt) as high-luminosity Higgs, 
EW + top factory

• Hadron-hadron collider: FCC-hh (~100 TeV) to maximize energy to 
search for BSM physics and make precision measurements

• includes pp, AA and eh options
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FCC Feasibility Study Status
Michael Benedikt
FCC Week, 5 June 2023

FCC integrated program

FCC-ee

2020 - 2040 2045 - 2063 2070 - 2095

FCC-hh

comprehensive long-term program maximizing physics opportunities
• stage 1: FCC-ee (Z, W, H, t ҧt) as Higgs factory, electroweak & top factory at highest luminosities
• stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option
• highly synergetic and complementary programme boosting the physics reach of both colliders (e.g. model-independent 

measurements of the Higgs couplings at FCC-hh thanks to input from FCC-ee; and FCC-hh as “energy upgrade” of FCC-ee)
• common civil engineering and technical infrastructures, building on and reusing CERN’s existing infrastructure
• FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC



FCC Physics Case

• Unbiased, high precision Higgs measurements

• Higgs width (FCC-ee)

• 10x improvement Higgs couplings (Mostly FCC-ee, some at FCC-hh)

• Higgs self-coupling (Mostly FCC-hh)

• Searches for physics beyond the Standard Model

• Indirect searches via precision measurements up to 70 TeV(FCC-ee) 

• Direct searches for new particles and new interactions (FCC-hh)

• 10x reach of HL-LHC 

• And many more

• 10-50x improvement on EW observables

• 10x Belle II statistics for b, c, tau
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FCC Timeline
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F. Gianotti, June 2023 

Technically-limited schedule

Realistic schedule

https://indico.cern.ch/event/1202105/timetable/#426-introductory-remarks
https://indico.cern.ch/event/1202105/timetable/#426-introductory-remarks


FCC Ring Location
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PA: Experiment

PB: technical

PD: experiment

PF: technical

PG: experiment

PH: technical

PJ: experiment

PL: technical

Major achievement: optimization of the ring placement
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), etc. 
“Éviter, reduire, compenser” principle of EU and French regulations
Lowest-risk baseline: 90.7 km ring, 8 surface points, 
4-fold superperiodicity, possibility of 2 or 4 IPs
Whole project now adapted to this placement

Number of surface sites 8
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

Optimized placement and layout for feasibility study

M. Benedikt, July 2023

https://indico.cern.ch/event/1202105/timetable/#430-fcc-feasibility-study-stat
https://indico.cern.ch/event/1202105/timetable/#430-fcc-feasibility-study-stat


Beam Parameters
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FCC-ee: summary of main machine parameters and physics potential

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

q x 10-50 improvements on all EW observables
q up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC
q x10 Belle II statistics for b, c, τ 
q indirect discovery potential up to ~ 70 TeV
q direct discovery potential for feebly-interacting particles over 5-100 GeV mass range

Up to 4 interaction points à robustness, 
statistics, possibility of specialised detectors
to maximise physics output

Currently assessing 
technical feasibility 
of changing operation 
sequence
(e.g. starting at ZH energy)

F. Gianotti, June 2023 

Currently assessing 
feasibility to change order, 

i.e. start with ZH

https://indico.cern.ch/event/1202105/timetable/#426-introductory-remarks
https://indico.cern.ch/event/1202105/timetable/#426-introductory-remarks


Detector Concepts for FCC-ee
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Detector concepts see Detector sessions
(Thursday 11:30AM, 2:30PM)

M. Selvaggi

https://indico.cern.ch/event/1202105/timetable/#373-detector-requirements-from
https://indico.cern.ch/event/1202105/timetable/#373-detector-requirements-from
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Physics landscape at the FCC-ee

Higgs
factory

mH, σ, ΓH
self-coupling

H→ bb, cc, ss, gg
H→inv
ee→H

H→bs, .. 

QCD - EWK 

mZ , ΓZ , Γinv

sin2θW , RZ
𝓁 , Rb, Rc

AFB
b,c , 𝞽 pol.

αS ,

mW, ΓW

Top

mtop, Γtop, ttZ, FCNCs

Flavor

CKM matrix
CPV measurements

Charged LFV
Lepton Universality

𝞽 properties (lifetime, BRs..)

Bc → 𝞽 ν
Bs → Ds K/π
Bs → K*𝞽 𝞽
B→ K* ν ν

Bs → φ v v … 

BSM

Heavy Neutral Leptons 
(HNL)

Dark Photons ZD

Axion Like Particles (ALPs)

Exotic Higgs decays  

most precise SM test“boosted” B/D/𝞽 factory: feebly interacting particles
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Detector requirements at the FCC-ee

Higgs
factory

QCD - EWK Flavor BSM

 

most precise SM test“boosted” B/D/𝞽 factory: feebly interacting particles

track momentum 
resolution (low X0)

IP/vertex resolution for 
flavor tagging

PID capabilities for flavor 
tagging

jet energy/angular 
resolution

(stochastic and noise) 
and PF

track momentum 
resolution (low X0)

IP/vertex resolution

PID capabilities

Photon resolution, pi0 
reconstruction

acceptance/alignment
knowledge to 10 μm

luminosity

Large decay volume

High radial segmentation
- tracker

- calorimetry
- muon 

impact parameter 
resolution for large 

displacement

triggerless

Physics Landscape

Detector Requirements

M. Selvaggi

https://indico.cern.ch/event/1202105/timetable/#373-detector-requirements-from
https://indico.cern.ch/event/1202105/timetable/#373-detector-requirements-from


Precision EW at FCC-ee
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EW Factory Physics

…a quantum leap 
in our 
understanding of 
electroweak 
physics…

Compare these columns.

M. McCullough

https://indico.cern.ch/event/1202105/contributions/5396847/attachments/2659371/4606360/FCCWeek.pdf
https://indico.cern.ch/event/1202105/contributions/5396847/attachments/2659371/4606360/FCCWeek.pdf


Higgs Couplings at FCC-ee
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✓ Z
Z-boson

≈ 91.2 MeV/c2

W
W-boson

≈ 80.4 MeV/c2

τ
tau

≈ 1.78 GeV/c2

top
t

≈ 173 GeV/c2

b
bottom

≈ 4.18 GeV/c2

μ
muon

≈ 106 MeV/c2

first evidence (3σ) 
 

to be conclusively 
established at the LHC  

within 3 – 10 years

no evidence yet 
 

guaranteed at FCC-ee

no evidence yet 
 

tantalisingly close  
to reach of FCC-ee

electron
e

≈ 0.511 MeV/c2

c
charm

≈ 1.27 GeV/c2

d
down

≈ 4.7 MeV/c2

s
strange

≈ 93 MeV/c2

up

≈ 2.2 MeV/c2

u

First 
generation

Second 
generation

Third 
generation

✓

✓
✓✓

established (5σ) at LHC 
by observation of direct 

interaction with H

✓

H interactions

no obvious path to 
SM-level 

measurement 
bright ideas  

needed!

G. Salam +20% on 𝜿λ

https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf
https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf


Dark Sector at FCC-ee
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Our Dark Future
Would not be surprised if first dark world 
discovery is of light states which are not 
necessarily the dark matter itself, but are 
connected with dark sectors.

FCC-ee enables us to explore the richness of the 
dark sector with unprecedented breadth.

1612.09284

M. McCullough

https://indico.cern.ch/event/1202105/contributions/5396847/attachments/2659371/4606360/FCCWeek.pdf
https://indico.cern.ch/event/1202105/contributions/5396847/attachments/2659371/4606360/FCCWeek.pdf


Conclusion

• The FCC program is an exciting proposal 
to secure the future direction of our field

• Offers both precision physics 
measurements of Standard Model 
particles and the Higgs boson as well 
as searches for physics beyond the 
Standard Model
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• Mid-term review of the FCC feasibility study ongoing 

• Excellent progress in defining accelerator components and 
location, detector concept study and physics sensitivity 


