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The LHC: a Marvel of Technology

Unrivalled at Energy Frontier   
13.6 TeV (COM energy)

Outstanding at Intensity Frontier
Record Luminosity* 2.26 × 1034 𝑐𝑚−2𝑠−1

*Close to SuperKEKB at 5.1 × 1034 𝑐𝑚−2𝑠−1

So far the LHC has delivered:
- 15 Million Higgs bosons produced
- 600 Million top quarks produced
- 15 Billion Z bosons
- 60 Billion W bosons

Still 10 times more statistics expected at HL-LHC!
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From the LHC to the FCC 
HL-LHC In between!

Two main outcomes of the LHC: The discovery of the Higgs boson and nothing else (so far)!

A Scientific Mission for the 21st Century
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Start of the FCC

2013 Update of European Strategy for Particle Physics:

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

After the LHC, the FCC is the most ambitious and the prefect flagship project for CERN!

FCC-ee at intensity frontier
Ultimate Precision and discovery potential
Goal Luminosity 144 × 1034 𝑐𝑚−2𝑠−1

One LEP1 every few minutes !! At the Z peak (per IP) – 4 Ips
Z, WW, ZH and t ҧt COM energies

Targets to deliver
-3 Million Higgs bosons
-2 Million top quarks
-240 Million WW events
- 6 x 1012 Z bosons

All these in a much cleaner environment!
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FCC Feasibility Study 

FCC Collaboration delivered  4 volumes Conceptual Design Reports as input to ESPPU 2019/20

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 – 4) 

2020 Update of European Strategy for Particle Physics:

“Europe, 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.”

➔ Launch of the FCC Feasibility Study mid 2021
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FCC Feasibility Study 

Feasibility Study Report published on 31 March 2025 
Structure: Three Volumes

- Vol. 1: Physics, Experiments and Detectors 

- Vol. 2: Accelerators, Technical Infrastructures, Safety Concepts 

- Vol. 3: Civil Engineering, Implementation & Sustainability

162 

Institutes

38 

Countries

+ 

CERN

38 Participating 

Countries
Austria – Belgium – Brazil – Canada – Chile –

Colombia – Czech Republic – Denmark – Estonia –

Finland – France – Georgia – Germany – Greece –

Hungary – India – Iran – Italy – Japan – Latvia – Malta 

– Mexico – Netherlands – Norway – Pakistan – Poland 

– Portugal – Republic of Korea – Romania – Serbia –

Spain – Sweden – Switzerland – Thailand – Türkiye –

Ukraine – United Kingdom – United States of America

Status of the FCC Global Collaboration
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FCC-ee Schematic View 

Linear Accelerator (LINAC)

Shared Tunnel Booster and Collider Rings
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FCC-ee Injector Complex

• The FCC-ee injector complex must provide the electron and positron bunch trains for injection during, both, top-up and 
filling-from-scratch operations.

• It includes separate linacs for electrons and positrons up to a beam energy of 2.86 GeV.
• Following the positron and electron linacs, both species are injected into the damping ring (DR) for emittance reduction.
• The layout also includes the high-energy (HE) linac, which boosts the beam energy from 2.86 GeV up to 20GeV in order

to inject beams directly into the booster ring (BR).
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Electron Source

• The electron source is composed of a photo-cathode 2.6
cell RF photo gun followed by three RF accelerating
structures reaching the beam energy of approximately
200MeV.

• The main requirement for the electron source is to
generate four bunches with a charge of 5 nC each, keeping
the normalised emittance below 4 mm·mrad.

• using up to 4 lasers would allow more flexibility to change
the charge independently of a few hundred pC up to 5nC.
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Positron Source 

• At the injector level, the primary requirement for the positron source is to deliver a positron bunch charge of 5nC,
which must be accepted into the damping ring (DR).

• Based on the available experience of designing and operating previous or current positron sources, a safety margin of
2.56 has been applied to the FCC-ee positron source design, requiring the delivery of a total positron bunch intensity
of 12.8 nC at the injection into the DR.

• A conventional positron source using 2.86 GeV electrons impinging on a 15mm thick tungsten target is the basis for
FCC-ee positron production. The bremsstrahlung radiation of the electrons in the field of the target nuclei is
converted in e+e− pairs.
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Damping ring

• The DR lattice features a six-fold symmetry.
• Each straight session is used to host three wiggler magnet insertions, one RF cavity module, and two independent

injection/extraction sections.
• The injection will be performed using an on-axis scheme.
• Arc cells are based on an achromatic multi-bend optics, symmetric with respect to the cell center. Each half cell provides

30° deflection angle, using 15 bends of five different types.
• A further reduction of the damping time is obtained using three 3.5m long wiggler magnets, each with a moderate

magnetic field intensity of 1.8T.
• Straight sections are based on the FODO structure and modified according to their function.
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High Energy Linac

The high energy (HE) linac accelerates electron and positron beams from the exit of the chicane down stream of the DR at 
2.86 GeV energy up to the transfer line towards the booster ring injection at 20 GeV energy.
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Transfer Lines from HE-Linac to Booster

The tunnel will have a slope of 4.9%
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FCC-ee Booster
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Booster Lattice

Baseline Optics : FODO

• Made of 5 FODO cells of 52 m.
• 6 quadrupole families with about the same strength.

• To have a phase advance of 𝜋 between the pair of sextupoles
• To adjust the tune of the arc cell to get the target global tune

• 1 dipole corrector + 1 BPM per quadrupole:
• Horizontal at QF
• Vertical at QD

• Cell length adjusted to follow the collider arc periodicity
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Booster Lattice

• Arc cell of 260 m with 5 quasi-FODO cells of 90° of 52 m each.
• Transparency conditions for the insertions:

• Phase advance of 𝜋 in both planes between sextupoles
in the dispersion suppressor to maximize the geometric 
aberration cancellation.

• The angles of some dipoles in the dispersion suppressors
are matched to cancel the second-order dispersion.

• Phase advance of the total insertion (including the
dispersion suppressors) is equal to the phase advance of 
one arc cell.

• Tune Qx/Qy : 414.225/410.290
• Momentum compaction: 7.12e-6
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Injection into the Booster

• In the vertical plane, a closed orbit bump of 10mm at the 
septum is foreseen to bring the circulating trajectory closer to 
the injected one in order to reduce the required kicker strength.



Page : 18

Booster Extraction

The circulating beam is moved closer to the extraction septum 
using a closed-orbit bump of 10mm in horizontal plane.
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Filling scheme
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Dynamic Aperture and Momentum Acceptance
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Booster Energy Ramp

• The start of the ramp shall be adiabatic
to avoid shaking the bunches.

• The energy gain per turn is limited by 
Eddy currents in the magnets. 

• A conservative maximum ramp rate of 
80 GeV/s is considered.

• When approaching high energies, the 
energy gain is dominated by the 
energy provided to compensate for 
losses due to synchrotron radiation.
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FCC-ee Collider
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Beam-beam effects, parameter choices, and luminosity

• The luminosity at one IP may be expressed as

ℒ =
𝛾

2𝑒𝑟𝑒

𝐼𝑡𝑜𝑡𝜉𝑦

𝛽𝑦
∗ 𝑅𝐺
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Global Hybrid Correction (GHC)

The baseline optics is called the Global Hybrid Correction (GHC) scheme, since the vertical chromaticity for the low
beta insertion is corrected locally, with two sextupole magnets in the final focus, while the horizontal chromaticity is 
corrected globally using the arc sextupoles.
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Local Chromatic Correction (LCC)

• The structure of the accelerator is the same as the baseline optics, including four final focus systems (FF) and four 
long straight sections (LSS) separated by eight arcs.

• The LCC optics are designed to obtain anharmonic and achromatic beam dynamics for each of these components 
independently.
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Target availability and efficiency

Annual integrated luminosity estimates for FCC-ee at each mode of operation are derived from three or four parameters:
• Nominal Instantaneous Luminosity ℒ
• Annual Scheduled Physics Time T: It is assumed that 185days per year are scheduled for physics.
• Availability A: An overall machine availability of 80% is assumed.
• Efficiency E: The target availability is at least 80% and, thereby, a corresponding efficiency E > 75% is expected.

ℒ𝑖𝑛𝑡 = ℒ 𝐸 𝑇
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Operation Modes
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FCC-hh Parameters
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CERN-Developed Particle Tracking Codes



Page : 30

Cost Estimate

The total average annual operating cost of FCC-ee across all stages amounts to around 600 MCHF.
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Thanks for your 

attention!


