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High-energy physics has an environmental footprint driven by high power demands, 
large-scale infrastructures, and specialised detector technologies

Unlike previous large-scale accelerator projects, sustainability considerations have 
been integrated into the FCC design from the outset

Sustainability involves environmental impact, economic viability, and societal benefit

In this talk, I will introduce the project and its scientific goals, while highlighting the 
associated environmental challenges along the way



The European Strategy for Particle Physics

Open Symposium, European Strategy of Particle Physics, 23–27 Jun 2025, Venice Lido [Link]

https://agenda.infn.it/event/44943/overview


The European Strategy for Particle Physics

• Cornerstone of Europe’s decision-making process for the long-term future of the field

• Mandated by CERN Council, the Strategy is formed through a broad consultation of the particle 
physics communities in Europe and worldwide (266 individual and national submissions, 2-year process)

• In the Strategy process, recommendations are developed which are submitted to the CERN Council 
for an update of the Strategy

• It is not a project approval process; projects are approved by the CERN Council through a separate 
decision process, taking the Strategy recommendations into account

Original Strategy (2006): LHC, mooting of luminosity upgrade of LHC, R&D in accelerator 
  technologies, coordination with a potential ILC project

1st Update (2013): High Luminosity LHC, need for a post-LHC programme
2nd Update (2020): FCC feasibility study
3rd Update (2026): Recommendation for the next large-scale accelerator project at CERN



The European Strategy for Particle Physics

Main recommendations of the 2026 strategy update

• The full exploitation of the physics potential of the LHC and the HL-LHC and the completion of 
the high-luminosity upgrade remain the highest priorities of European particle physics. Every 
effort must be made to complete the HL-LHC upgrade within the current schedule

• The electron–positron Future Circular Collider (FCC-ee) is recommended as the preferred 
option for the next flagship collider at CERN

• A descoped FCC-ee* is the preferred alternative option for the next flagship collider at CERN              
*No ttbar run: –1.26 BCHF, drop 2 / 4 experiments: –0.80 BCHF, decrease RF power from 50 → 30 MW (–0.35 BCHF) 

• The particle physics community should continue and intensify its efforts to develop and adopt 
sustainable solutions

• …

Links: CERN Council resolution, Recommendations, Briefing book, All documents, More information, CERN Colloquium by Karl Jakobs

https://council.web.cern.ch/sites/default/files/c-e-3997-Council%20Resolution%20on%20the%202026%20update%20of%20the%20European%20Strategy%20for%20Particle%20Physics.pdf
https://cds.cern.ch/record/2950671/files/CERN-ESU-2025-002.pdf
https://arxiv.org/abs/2511.03883
https://cds.cern.ch/collection/European%20Strategy%20Update?ln=en
https://europeanstrategyupdate.web.cern.ch/
https://indico.cern.ch/event/1650119/
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Large Hadron Collider (LHC) at CERN: the world’s largest 
accelerator reaching unprecedented energy and intensity
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• 27 km underground 
accelerator and collider 

• Superconducting magnets    
(1.9 K = –271.3 °C) steer the 
particles around the ring

• Proton and ions are 
accelerated to multi-TeV scale 
energies before they collide
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PRL 134 (2025) 21

LHC and Experiments

LHC, experiments, software & computing, 
object reconstruction and physics analysis — 
all perform beyond design. Many new 
analyses ideas emerged that were not thought 
of during the design phase. ML now ubiquitous

https://arxiv.org/abs/2412.03186


10Presentation of Higgs boson discovery by ATLAS and CMS at CERN on 4 July 2012

A monumental discovery
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The fundamental universe is profoundly strange

The sub-atomic structure of matter and its interactions is described by the Standard Model (SM)

Spin 1/2



13

The fundamental universe is profoundly strange

The sub-atomic structure of matter and its interactions is described by the Standard Model (SM)

Spin 1/2 Spin 1 Spin 0

Particles discovered 
through decades of 
international, high-
technology accelerator-
based research
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The fundamental universe is profoundly strange

The sub-atomic structure of matter and its interactions is described by the Standard Model (SM)

Spin 1/2

Fermion mass pattern 
(“flavour problerm”)

CERN Courier

top quark 340,000 times heavier than electron

https://cerncourier.com/a/who-ordered-all-of-that/
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The fundamental universe is profoundly strange

The sub-atomic structure of matter and its interactions is described by the Standard Model (SM)

Spin 1/2 Spin 1 Spin 0



The fundamental universe is profoundly strange

The sub-atomic structure of matter and its interactions is described by the Standard Model (SM)

Spin 1/2 Spin 1 Spin 0

New kind of interactions, unlike 
any known force

A manifestation of a vacuum field 
that gives elementary particles 
mass according to their coupling 
strength

The core conceptual challenges 
of the SM are tied to the Higgs 
sector (unstable mass)

The Higgs may also hold clues  
to dark matter, matter–antimatter 
asymmetry, and physics beyond 
the SM (eg, is the Higgs boson 
elementary? Does it have brothers  
and sisters? …)
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The LHC showed that the Brout-Englert-Higgs mechanism is real

Discovery of Higgs boson enables the direct study of electroweak symmetry breaking and the process of mass generation

ATLAS: ATLAS-CONF-2025-006, CMS: arXiv:2602.18611

Will we all die because of the Higgs field?

Tamas Almos Vami

1 Introduction

The goal of fundamental physics is to find the main concepts that describe the whole Universe. The state-of-
the-art understanding of the world is based on the theory of gravitation, as described in the frame of general
relativity, and the Standard Model of particle physics (SM).

The SM is a quantum field theory, that can be written in a concise way on a mug (Figure 1). A field is
an abstract quantity that assigns a certain value to every point in spacetime, and a quantum field does this
in a way that it respects the laws of quantum mechanics and special relativity, too. It is important to note
that every particle in the SM is an excitation of their respective quantum field.

Figure 1: A mug from CERN containing the main equation from the Standard Model. (Source: https:
//visit.cern/sites/visits.web.cern.ch/files/images/image/shop-09.jpg)

2 How breaking a symmetry could be useful

One of the main feature of the SM is the Brout-Englert-Higgs mechanism. It assumes a so called Higgs field
(denoted by �) which, below certain extremely high temperatures, goes through a process called spontaneous
symmetry breaking and by this it generates masses for the force carrying particles.

The situation can be analogous to a ball on a hill. The ball on the top of the hill is unstable and will
eventually fall down to the valley. The potential valley of the Higgs field is described by the term V (�) in
Figure 1 and it has the form of

V (�) = µ2|�|2 + �|�|4

where µ2 < 0 is proportional to the mass of the Higgs boson and the � > 0 is the self-coupling. This potential
is usually referred as the Mexican hat potential and it is plotted in Figure 2.

Figure 2: Higgs potential in the Standard Model. (Source: my own figure)
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Unpleasant scalar sector 
(23 parameters, large 
hierarchy) — key to 
many mysteries
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/index.html
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We have learned so much more at the LHC …

• A plethora of measurements, some involving extremely rare and 
sensitive processes, others reaching very high precision, confirm 
the predictive power of the SM and deepen our understanding

• 82 new hadronic bound states discovered so far, 28 of which 
exotic, the heaviest being toponium

• Heavy-ion collisions enabled unprecedented insights into the quark-
gluon plasma

• Searches for new phenomena have set tight constraints on some of 
the most popular SM extensions, thus completely changing the field 
of beyond the SM physics

Phys. Rep. 1116 (2025) 261
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-10/
https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2021-008.html
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• The HL-LHC will use new 
technologies to provide 
6 times more collisions 
than the LHC

• Intensities require large-
scale detector upgrades

• Access to rare phenomena, 
greater precision and new 
discovery potential (350M H, 
240k HH, 13B top, 720M WW, …)

• It will start operating in 2030 
and run until 2041

• Complementary in many 
ways to the FCC-ee

Upgrade to the 
High-Luminosity 
LHC is under way
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Environmental impact of LHC / HL-LHC operation

CERN’s total annual power consumption is ~1.3 TWh dropping to ~0.4 TWh when LHC is not operating

18 | CERN Environment Report

CERN’s frontier physics programme relies upon ever more data 
being delivered to the experiments, which is measured in the 
LHC by a parameter known as luminosity. Higher luminosity 
increases the number of proton-proton collisions, hence data 
collection, enhancing statistical precision and the potential 
for discoveries. However, it can also lead to higher electricity 
consumption. In addition to limiting the increase in electricity 
consumption to 14% during High-Luminosity LHC (HL-LHC) 
compared with the consumption in Run 3, CERN is committed 
to improving energy efficiency by maximising the luminosity 
delivered per unit of energy consumed. Between Run 1 and the 
end of Run 2 (i.e., from the start of the LHC to 2018), the LHC’s 
efficiency in this regard tripled. With the HL-LHC, a further 
improvement by a factor of four is projected.

CERN’S ENERGY STRATEGY

CERN’s Energy Management Panel (EMP), established in 
2015, drives CERN’s energy strategy, which spans three pillars: 
increase efficiency, use less, and recover waste energy. CERN’s 
energy management approach is further strengthened by the 
CERN Energy Policy (published in 2022), a dedicated energy 
coordinator and the enlarged EMP, which meets regularly to 
include all of CERN’s activities beyond the accelerator complex. 
Furthermore, CERN collaborates closely with its Host States 
through the tripartite committee for the environment (Comité 
Tripartite pour l’Environnement - CTE), which was established in 
2007, and with its grid operators and electricity suppliers.

Energy procurement currently represents 5 to 10% of CERN’s 
annual budget when the accelerators are running, and less 
during shutdown periods. Electricity is primarily procured from 
France, whose energy grid mix is more than 95% low carbon 
(2024).

In the context of CERN’s Environmentally Responsible 
Procurement Policy Project (see Procurement and Materials), 
procurement guidelines for equipment, products and 
services have been established in which energy performance 
over the planned or expected operating lifetime is one of the 
criteria. This applies to the procurement of any item where 
power exceeds 500 kW or annual energy consumption 
exceeds 5 GWh.

ELECTRICITY INTENSITY OF THE LHC 
Quantity of electricity used to run the LHC per unit of luminosity 
delivered, showing that less and less electricity has been needed 
over time to produce the same amount of data and, hence, 
scientific output. During the year after each Long Shutdown 
(LS), while the accelerator is being brought back online and 
progressively ramped up, the luminosity delivered is not at its 
maximum – as seen in 2022 and expected for 2030. The outliers 
in 2023 are due to the technical issue that led to the stop of 
the LHC machine for one month, with an impact on electricity 
consumption. The outliers forecast for 2026 are due to the partial 
operation of the machine (LS starting mid-year).

CERN’S ENERGY CONSUMPTION – OTHER CATEGORIES OF ENERGY 2015–2024
In line with ISO 50001 certification requirements, notably the transition to more accurate invoice-based data collection, 
all values have been adjusted for previous years.

2023–2024 | 21

EMISSIONS
CERN’s commitment to minimising its impact on the 
environment includes a proactive approach to reducing its 
direct and indirect emissions, as defined by the internationally 
recognised methodology of the Greenhouse Gas Protocol and 
over which it has operational control. At CERN, scope 1 refers 
to the direct emissions resulting from the Organization’s facilities 
(including its experiments) and vehicles, while scope 2 refers 
to indirect emissions related to the electricity purchased for 
the Organization’s own use. Scope 3 refers to all other indirect 
emissions at CERN, arising from business travel, personnel 
commutes, catering, waste, water purification and procurement.

DIRECT EMISSIONS – SCOPE 1
 
 
The majority of CERN’s direct greenhouse gas (GHG) 
emissions come from its large experiments, which are 
the main focus of the Organization’s reduction efforts. 
These experiments use a range of gas mixtures for particle 
detection and detector cooling, with specific properties and 
characteristics, selected in order to optimise performance. 
These are mainly synthetic gases and refrigerants, including 
fluorinated gases (F-gases), some with a high global 
warming potential (GWP).  

F-gases are widely used at CERN because they are highly 
effective for both detector cooling and particle detection. In 
cooling systems, they ensure that stable temperatures are 
maintained, which is crucial for highly sensitive equipment. 
In detectors, they play a key role in capturing particle
interactions by detecting the passage of charged particles, 

CERN’S TOTAL SCOPE 1, 2 AND 3 EMISSIONS 2023–2024

offering excellent spatial and timing accuracy and in some 
cases providing light signals (Cherenkov radiation) allowing 
identification of different types of particles.

While intense R&D efforts to identify suitable alternative 
gases with a lower GWP continue, CERN published an 
F-Gas Policy in 2024 that formalises the Organization’s 
commitment and strategy to minimise the emissions of these 
gases. The policy will be implemented through a variety of 
measures ranging from efficient management and monitoring 
of the procurement and use of F-gases to appropriate 
training of personnel and proactive communication to 
stakeholders.

The reporting period spans two full accelerator operation 
(‘Run’) years. The total amount of scope 1 emissions was 
170 482 tonnes of CO2 equivalent (tCO2e) in 2023 and      
170 024 tCO2e in 2024. This is slightly lower than in 2022, 
the year in which Run 3 began, when 184 173 tCO2e were 
emitted.

A THREE-PILLAR EMISSION REDUCTION STRATEGY

CERN has a dedicated strategy to reduce its direct 
emissions arising from particle detection, detector cooling 
and detector design. The strategy comprises three pillars: 
gas recirculation, gas recovery and the search for alternative 
ecofriendly gases. 

In the context of particle detection, the main contributors 
to CERN’s F-gas emissions are leaks in the gas distribution 
systems of some of the detectors. These leaks result from 
the complex mechanical integration of the detectors, 
which is driven by the need to fit them within the compact 
spaces that house them. This also complicates the task 
of identifying the origin of leaks. As leaks occur regularly, 
systematic leak-repair campaigns are organised to ensure 
that they are contained and minimised. The major 
leak-repair campaigns launched in ATLAS and CMS during 
the second Long Shutdown, LS2, continued in each Year 
End Technical Stop (YETS) and will resume in earnest during 
LS3, which is due to start in the middle of 2026. The leak 
repair procedure is carried out according to an optimised 
protocol, ensuring stable and reliable performance. In 
addition to repairing existing leaks, ATLAS has developed 
a new technique, which was applied during the last 
YETSs, consisting in injecting resin into the gas-inlet boxes 
to prevent the development of new leaks at the inlets. 
Preliminary results are promising, with a significant reduction 
of the development of new leaks observed in the boxes 
concerned.

Scope 1: direct emission of greenhouse gases*
Scope 2: indirect emission via purchased electricity
Scope 3: all other indirect emission (procurement, …) 

Source: CERN Environmental Report 2023–2024

22 | CERN Environment Report

Another strategy to reduce emissions from particle detectors 
involves diluting the mixtures that are currently used with 
gases with a lower GWP. In this vein, CO2 was introduced 
to replace 30% of the HFC-134a gas in the resistive plate 
chamber (RPC) detectors of the ATLAS experiment, and to 
replace some 10% of the CF4 gas in the LHCb experiment’s 
RICH2 detector.
 
For the detector cooling systems, the experiments are 
advancing in the transition to CO₂-based cooling. Due to its 
efficiency in the temperature range around - 50 °C, 
CO₂-based cooling is a key component of CERN’s strategy 
to reduce its direct scope 1 emissions by 28% by the end of 
Run 3. Several systems have already adopted CO₂ cooling, 
and significant progress was made with the upgrades of the 
ATLAS and CMS inner detector cooling systems during the 
reporting period. In 2024, surface installation of the primary 
CO₂ cooling plants began, while underground installation of 
the secondary CO₂ plants is under way and will continue into 
the next Long Shutdown.

SEARCHING FOR ALTERNATIVE GASES

In addition to the increased use of CO2 to cool the detectors, 
the search for alternatives to the GHGs currently used in 
particle detection is a priority for CERN and the experiments. 
This applies to both currently installed and future detectors 
and requires extensive testing to guarantee good detector 
performance and lifetime.

Intensive research is under way to develop new gases with 
a lower GWP to replace SF6 and HFC-134a, focusing mainly 
on the hydrofluoroolefin (HFO) gas family. CERN and the 
experiments are testing new gas mixtures, including 
HFO-1234ze, for use in RPC detectors. Since the 
experiments are intended to operate for the decade following 
LS3, it is crucial to find gas mixtures that will not degrade 
components or affect performance over time.

CERN SCOPE 1 EMISSIONS FOR 2017–2024 BY CATEGORY
“Other” includes air conditioning, electrical insulation, emergency 
generators and the fuel consumption of the CERN vehicle fleet.

BREAKDOWN OF SCOPE 1 EMISSIONS BY GAS TYPE 2023–2024
The tCO2e values have been calculated based on the real consumption 
of the different gases, weighted by their GWP. The GWP is based on 
the IPCC Fourth Assessment Report, 2007 (AR4), which is also the 
reference used in EU Regulation 517/2014 on fluorinated greenhouse 
gases. Future reports will adopt updated GWP values based on the 
IPCC Sixth Assessment Report (AR6). All previously reported emissions 
and associated reduction targets will be realigned accordingly.

*F-gas impact mainly from RPC losses and detector 
cooling; HL-LHC reductions from leak repairs, gas 
dilution, and new CO2 cooling plants

Total of 350 kt 
CO2e in 2024

https://doi.org/10.25325/CERN-Environment-2025-004
https://doi.org/10.25325/CERN-Environment-2025-004
https://doi.org/10.25325/CERN-Environment-2025-004
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Future Circular Collider 
90.7 km circumference tunnel facility to host an e+e– and a hadron collider

Feasibility study: 3 volumes (physics & 
experiments, accelerator, civil engineering & 
sustainability) (March 2025), All documents

https://home.cern/cern-releases-report-feasibility-possible-future-circular-collider/
https://home.cern/cern-releases-report-feasibility-possible-future-circular-collider/
https://home.cern/cern-releases-report-feasibility-possible-future-circular-collider/
https://home.cern/cern-releases-report-feasibility-possible-future-circular-collider/
https://indico.cern.ch/event/1534205/
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Proposed large-scale projects at CERN, ~ 2045

7K. Jakobs, FP 2026, Hong Kong, 12th January 2026

Proposed large-scale projects at CERN,  ~ 2045

Intermediate projects 

(Leave room (time, budget, resources) for further
development of THE machine that can probe 
directly the energy frontier at the 10 TeV parton
scale)

e+e- colliders
(“Higgs factories”) 

LCF (e+e-, linear, 91 – 240, 550 GeV) CLIC (e+e-, linear, 380 GeV, 1.5 TeV)FCC-ee (e+e-, circular, 91 – 365 GeV)

FCC 
91 km 

circumference

LEP3 (e+e-, circular, 91 – 230 GeV) LHeC (ep, circular, electron ERL,
50 GeV e-, > 1 TeV ep collisions) 
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Assessment of proposed colliders by expert group
[Link to ESG WG2a report]

Muon Collider: Technologies in early phases of exploration, large R&D programme defined (300 MCHF, 1800 FTEy), demonstrator required
FCC-hh: Further R&D and industrialisation with cost reduction of high-field magnets (Nb3Sn 15–20 y, HTS ?)
LEP3: No detailed lattice design & full-scale simulation, proposed baseline HTS nested quadrupoles/sextupoles has lowest TRL
LHeC: Performance relies on very high current Energy-Recovery Linac (ERL), large luminosity uncertainty, PERLE @ IJCLab required

 

 

Project Scope TRL R&D Test facilities Performance Site 
preparation Schedule Cost Risk 

CLIC 380 GeV, 1.5 TeV  4 - 6 / 5.2        

FCC-ee 91-365 GeV  4 - 7 / 6.0        

FCC-hh 85 TeV  
4 - 7 (Nb3Sn) / 4.3 

       
2 - 7 (HTS) / 3.2 

FCC-hh - SA 85 TeV  4 - 7 (Nb3Sn) / 5     Nb3Sn   

LCF 250 - 550 GeV  5 - 7 / 5.5        

LEP3 91 - 230 GeV  3 - 6 / 4.0        

LHeC:  HL-LHC + 50 GeV ERL  3 - 6 / 4.5        

MC 3.2 TeV, 7.6 TeV  3.2 TeV: 3 - 5 
7.6 TeV: 2 - 5        

 
Table 16: Summary table schematically representing the key findings of the WG according to the assessment criteria and based on the present 
status of the large-scale collider project proposals as submitted to the ESPP2026. Scope=Scope level-of-definition; TDR=Technical Readiness 
Level score - the range of values and the cost-weighted average for the baseline scenarios are listed; the colour code is selected based on on 
the cost-weighted average TRL score (TRL≥ 6 - green,  4≤TRL<6 - yellow, TRL<4 - red);  R&D=R&D requirements, R&D plan level-of-definition, 
R&D funding status; Test facilities=need of test facilities or demonstrators and (if needed) level-of-definition of their scope; 
Performance=Performance uncertainty; Site preparation=Site preparation status; Schedule=Schedule uncertainty; Cost=Cost uncertainty; 
Risk=Risk level-of-definition. The cost-weighted average TRL score could not be estimated for the MC project as there is no detailed cost 
breakdown by sub-system. The colour code for the various criteria is defined according to the summary assessment in the Tables A.1 to A.8. 
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(1–9)

https://cds.cern.ch/record/2957413
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Assessment of physics reach
[Link to ESG WG2b report]

Figure 1: Stacked ranking for each physics area or BSM model as a function of the estimated total amount of
time from the start of the project’s data taking. Precision rankings (top), BSM rankings (middle) and precision and
BSM rankings (bottom).

12

SM

BSM

Figure 1: Stacked ranking for each physics area or BSM model as a function of the estimated total amount of
time from the start of the project’s data taking. Precision rankings (top), BSM rankings (middle) and precision and
BSM rankings (bottom).
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e+e– colliders only pp (+ e+e–) collider μμ (+ e+e–) colliderHigh-E e+e– collider

https://cds.cern.ch/record/2957414


A remark on CEPC
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CEPC — China

CEPC — Circular (not Chinese !) Electron Positron Collider
Very similar to FCC-ee: baseline is 100 km tunnel, top-up, 30 MW / beam, 2 IPs, option for subsequent hadron collider  

CEPC proposal was submitted to Chinese Academy of Science for inclusion in 15th 5-year plan in 2025, but not retained (STCF preliminarily yes)
CEPC plan: hope to retain funding, seek collaboration with FCC-ee, resubmit in 2030 if FCC-ee not approved by then

Total cost 4.6B USD
CEPC TDR: arXiv:2312.14363
Detector TDR: arXiv:2510.05260

https://arxiv.org/abs/2312.14363
https://arxiv.org/abs/2510.05260
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FCC-ee
Next-generation circular e+e– collider to 
deliver extremely high luminosities across 
multiple energies



Detailed feasibility study: layout selected from ~100 variants following 
the EU “Avoid–Reduce–Compensate” principle — 90.7 km ring, 8 
surface sites (7 FR, 1 CH), 5.5 m tunnel diameter, 50–560 m depth

FCC-ee
Next-generation circular e+e– collider to 
deliver extremely high luminosities across 
multiple energies



Ring structure: 4 experiments, 1 RF-section / beam,                         
1 collimation section, 1 section for injection and dump

Booster is single-beam synchrotron which cycles within a few 
seconds between accelerating and top-up injecting e+ and e–

FCC-ee
Next-generation circular e+e– collider to 
deliver extremely high luminosities across 
multiple energies



Geology of FCC tunnel FCC inclined at 0.5% gradient 
to minimise depth of point F

Limestone unavoidable between G–H

Tunneling mainly in molasse layer (soft rock), well suited for fast, low-risk construction, 6 million m3 excavated volume
→ 8.5 million m3 excavation material on surface (OpenSkyLab R&D project to study reuse), average shaft depths ~240 m

265’000 m3 concrete/year over 8 years (0.075% of annual EU production), use of low-carbon concrete under study

FCC-ee
Next-generation circular e+e– collider to 
deliver extremely high luminosities across 
multiple energies

Total civil engineering construction carbon footprint estimate: 530,000 – 1,184,000 tCO2(eq)
Assessed according to European Norms (EN 17472, EN15804+A2)

= 1.5 – 3.4 × CERN with 
LHC operation per year



FCC-ee — territorial dialogue & public participation
Public information and 
discussion meetings

First cycle of public information meetings between April 2024 – March 2025

• 11 sessions reached over 1,500 people in France & Switzerland

During 2025: Second cycle of public information meetings

• Workshops with residents in municipalities potentially affected by surface sites; 
meetings with stakeholders of the territory

May/June – October 2026: Formal public participation process in France 
(Débat Public) and Switzerland (public concertation)

• Workshops with residents in municipalities potentially affected by surface sites; 
meetings with stakeholders of the territory

Dialogue website:

https://home.cern/le-processus-de-participation-citoyenne-sur-le-futur-collisionneur-circulaire-fcc-debute-en-suisse-et-en-france/
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FCC-ee collider concept for maximum luminosity

factory, with high potential for discoveries. The baseline plan, confirmed by the feasibility study mid-
term review recommendations, considers operating detectors at four interaction points (IPs), spanning
the e

+
e
→ centre-of-mass energies around the Z pole, the WW threshold, the ZH production maximum,

up to the tt threshold and just above. The current values for the luminosities expected at these energies
are displayed in Fig. 1 and the envisioned 15-year experimental programme is summarised in Table 1,
together with the numbers of events expected at each energy.

Fig. 1: The FCC-ee baseline design luminosity, summed over 4 IPs, displayed as a function of the centre-of-mass
energy, from the Z pole to the tt threshold and beyond (red curve). The luminosity typically achievable by linear
e
+
e
→ Higgs factories with a single IP in their baseline design between 250 and 380 GeV is also indicated (dash-

dotted oval in the lower-right corner of the figure).

Table 1: The baseline FCC-ee operation model with four interaction points, showing the centre-of-mass energies,
design instantaneous luminosities for each IP, and integrated luminosity per year summed over 4 IPs. The integrated
luminosity values correspond to 185 days of physics per year and a 75% operational efficiency (i.e., 1.2 → 10

7

seconds per year) [15], in the Z, WW, ZH, and tt baseline sequence. The last two rows indicate the total integrated
luminosity and number of events expected to be produced in the four detectors. The number of WW events
includes all

↑
s values from 157.5 GeV up.

Working point Z pole WW thresh. ZH tt↑
s (GeV) 88, 91, 94 157, 163 240 340–350 365

Lumi/IP (10
34 cm→2s→1) 140 20 7.5 1.8 1.4

Lumi/year (ab→1) 68 9.6 3.6 0.83 0.67
Run time (year) 4 2 3 1 4
Integrated lumi. (ab→1) 205 19.2 10.8 0.42 2.70

2.2 → 10
6

ZH 2 → 10
6

tt

Number of events 6 → 10
12

Z 2.4 → 10
8

WW + + 370k ZH

65k WW ↓ H + 92k WW ↓ H

The currently envisioned working hypotheses for the operation model [16], i.e. for the overall
sequence and the duration of each step, will be continuously optimised in the coming years. An example
of a baseline sequence is displayed in Fig. 2, with the Z, WW, and ZH runs assumed to happen in this
chronological order. In reality, however, there will be quasi-total flexibility in the choice of the running
sequence. (See inset below: ‘A quasi total flexibility’.) This flexibility will accommodate the likely
requests of the user community and will also fit the possible need for runs at different energies in view
of complementary measurements.
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Fig. 2: Baseline operation model for FCC-ee with four interaction points, showing the integrated luminosity at the
Z pole (green), the WW threshold (blue), the Higgs factory (red), and the tt threshold (orange) as a function of
time. In this baseline model, the sequence of events follows the increase in collision energy, but there is quasi-total
flexibility in the sequence all the way to 240 GeV (see inset). The integrated luminosities delivered during the first
two years at the Z pole and the first year at the tt threshold are half of the annual design value. The hatched area
indicates the shutdown time needed to prepare for the higher energy runs at the tt threshold and beyond.

A quasi-total flexibility

In Ref. [17] it was deemed essential to establish the technical and financial feasibility of scheduling a Z pole run
after the ZH run or the WW threshold run, ideally with a first Z pole run during the initial period of FCC-ee opera-
tion. Indeed, the Z pole run, while extremely fertile in physics opportunities, is undoubtedly the most ambitious and
demanding part of the programme from all perspectives (accelerator, energy calibration, detectors systematic biases,
theory calculations). It will be extremely challenging to achieve all the goals of the Z pole run during the first four
years of the collider operation.

This requirement from physics was compounded by a recommendation from the mid-term review committees to con-
solidate (and ideally simplify) the design of the RF system to allow efficient energy-staging, as well as to reduce
complexity, risk, and cost; and to study options to avoid the 1-cell/2-cell RF cavity reconfiguration between Z and
ZH /WW running, in order to simplify the SRF system implementation and to improve flexibility in the physics pro-
gramme. The new versatile RF system designed accordingly (see Ref. [18]) enables a quasi-total flexibility to choose
the running sequence. For example, it would allow for short (few weeks) initial Z pole and WW threshold runs, to
commission the collider and the detectors, to establish the resonant depolarisation procedures for centre-of-mass en-
ergy calibration, etc. The ZH run could then proceed early, before going back to the Z pole and the WW threshold,
both now at full luminosity, with fully functional resonant depolarisation and a complete understanding of the collider.

It will ultimately be up to the experimental collaborations and the relevant scientific committees to
optimise the time flexibility and to tailor the FCC-ee operation scenario according to a number of factors
that cannot be mastered today. For example, external events such as the FCC-hh magnet readiness or
the CERN financial situation may call for a change in the overall duration of the FCC-ee running time.
Meanwhile, new avenues will be explored during the next phase of the FCC study, between April 2025
and the end of 2027, towards increasing the luminosities at all energies, as it would be highly beneficial
across the whole programme and would make a qualitative difference in a number of cases.

The original motivation for an e
+
e
→ circular collider was to create a high-luminosity Higgs Fac-

tory, operating at
→

s = 240 GeV in the LEP/LHC tunnel [19–21]. Choosing to build it in the 80–100 km
tunnel that would ultimately be hosting a 100 TeV hadron collider was cardinal in making this machine
unique on the Higgs factory market. To start with, such a tunnel enables a highly versatile Higgs Factory
that extends much beyond the study of the Higgs boson alone, for three main reasons:

4

Numbers assume 4 experiments

~350,000 
× LEP-1

~5,000 
× LEP-2

• Double ring collider: many bunches, high current,       
like LHC and B factories, different from LEP (CERN)

• Top-up injection (requiring booster) during collisions: 
needed due to short luminosity lifetime (~10–20 min, 
radiative Bhabhas), standard at light sources and used   
at PEP-II, KEKB, BEPCII. Booster intensity ~1% of 
collider; full RF voltage as in collider

• Superconducting RF: LEP-proven Nb/Cu 400 MHz 
cavities; bulk Nb 800 MHz cavities as in ESS/EuXFEL; 
efficient RF sources and simplified energy-switching 
scheme

• Crab-waist collisions: successfully demonstrated at 
DAΦNE and SuperKEKB

FCC-ee — maximum luminosity

Crab waist scheme: 
sextupoles near IP rotate 
vertical waist along the 
opposing beam’s path 
(and suppresses beam-
beam resonances)
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FCC-ee collider concept for maximum luminosity

• Double ring collider: many bunches, high current,       
like LHC and B factories, different from LEP (CERN)

• Top-up injection (requiring booster) during collisions: 
needed due to short luminosity lifetime (~10–20 min, 
radiative Bhabhas), standard at light sources and used   
at PEP-II, KEKB, BEPCII. Booster intensity ~1% of 
collider; full RF voltage as in collider

• Superconducting RF: LEP-proven Nb/Cu 400 MHz 
cavities; bulk Nb 800 MHz cavities as in ESS/EuXFEL; 
efficient RF sources and simplified energy-switching 
scheme

• Crab-waist collisions: successfully demonstrated at 
DAΦNE and SuperKEKB

FCC-ee — maximum luminosity

Crab waist scheme: 
sextupoles near IP rotate 
vertical waist along the 
opposing beam’s path 
(and suppresses beam-
beam resonances)

Combining all these concepts results in a giant efficiency 
step: 104 – 105 × luminosity / electrical power of LEP
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FCC-ee — SRF

Superconducting RF system — key technology
Ref: arXiv:2505.00274

400 MHz superconducting cavity (6~10 MV/m), 
copper Nb coated, 1.5 m long 400 MHz Cryo-module

• 2-cell* 400 MHz SRF system for Z, W and ZH

• Higher gradient 6-cell 800 MHz SRF system for tt collider operation and booster at all energies

Compact 800 MHz cavity (~20 MV/m), 6-cell,                
bulk Nb, Nb3Sn if R&D is successful

800 MHz Cryo-module

× 264 × 66

× (408 + 448 booster)
× (102 + 112 booster)

Power source: 380 kW Klystron 
prototype built (HL-LHC) η* = 70%       
→ two-stage Klystrons η = 86%              
→ multibeam Tristrons η > 90% (R&D) 
× 264

× 204 Tristons +
448 × 10 kW SSA booster

Klystron prototype

𝜂 =
𝑃'(	*+,
𝑃-./0

**A cell is one resonant section of the cavity where acceleration 
occurs (half a wavelength long = 38 cm for 400 MHz)

https://arxiv.org/abs/2505.00274
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FCC-ee — parameters

FCC-ee main parameters (assuming 4 IPs / experiments)

Parameter Z WW H (ZH) t ̅t

Collision energy √s  [GeV] 88, 91, 94 157, 163 240 340–350 365
SR energy loss / turn [GeV] 0.036 0.08 1.7 7.8 9.2
Total RF voltage 400 / 800 MHz [GV] 0.08 / 0 1.0 / 0 2.1 / 0 2.1 / 7.4 2.1 / 9.2
Synchrotron radiation/beam [MW] 50 50 50 50 50
Beam current [mA] 1294 135 26.8 6.0 5.1
Number bunches / beam 11200 1852 300 70 64
Luminosity / IP [1034 cm–2s–1] 144 20 7.5 1.8 1.4
Luminosity / year [ab–1] 68 9.6 3.6 0.83 0.67
Run time (including lumi ramp-up) [years] 4 2 3 1 4
Total integrated luminosity [ab–1] 205 19.2 10.8 0.4 2.7

Total number of events 6	$	1012 Z 2.4	$	108 WW
(incl. WW at higher √s)

2.2	$	106 ZH
65k WW → H

2	$	106 t ̅t  +  370k ZH
+  92k WW → H

Ref: arXiv:2505.00274

~350,000 × LEP-1 (~6 years)
~26 × HL-LHC (~9 years)

~5,000 × LEP-2     
(~5 years)

0.5% of HL-LHC 
(~9 years)

0.01% of HL-LHC (tt) 
(~9 years)

∆𝐸!"#$%&&∝ ⁄𝐸'()*
+ 𝑚,

+ & 𝜚 , 𝑃!" = 𝑈-𝐼, 𝑈- ∝ 𝐸+

https://arxiv.org/abs/2505.00274
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FCC-ee — parameters

FCC-ee main parameters (assuming 4 IPs / experiments)

Parameter Z WW H (ZH) t ̅t

Collision energy √s  [GeV] 88, 91, 94 157, 163 240 340–350 365
SR energy loss / turn [GeV] 0.036 0.08 1.7 7.8 9.2
Total RF voltage 400 / 800 MHz [GV] 0.08 / 0 1.0 / 0 2.1 / 0 2.1 / 7.4 2.1 / 9.2
Synchrotron radiation/beam [MW] 50 50 50 50 50
Beam current [mA] 1294 135 26.8 6.0 5.1
Number bunches / beam 11200 1852 300 70 64
Luminosity / IP [1034 cm–2s–1] 144 20 7.5 1.8 1.4
Luminosity / year [ab–1] 68 9.6 3.6 0.83 0.67
Run time (including lumi ramp-up) [years] 4 2 3 1 4
Total integrated luminosity [ab–1] 205 19.2 10.8 0.4 2.7

Total number of events 6	$	1012 Z 2.4	$	108 WW
(incl. WW at higher √s)

2.2	$	106 ZH
65k WW → H

2	$	106 t ̅t  +  370k ZH
+  92k WW → H

Ref: arXiv:2505.00274

Despite the constant synchrotron power, due to the larger RF voltage and system size (increased cryogenic 
system), RF efficiency losses, and other increasing accelerator demands, the electrical power consumption 
increases with CM energy:  

FCC-ee elecrtical energy consumption Z W H top
Beam energy [GeV] 45.6 80 120 182.5
Peak power during beam operation [MW] 250 275 297 381
Total FCC-ee yearly consumption [TWh] 1.2 1.3 1.4 1.85

LHC + injectors: ~ 200 MW peak power

Today CERN with LHC operating: ~1.3 TWh

Various R&D towards further reduction of electrical energy consumption 

∆𝐸!"#$%&&∝ ⁄𝐸'()*
+ 𝑚,

+ & 𝜚 , 𝑃!" = 𝑈-𝐼, 𝑈- ∝ 𝐸+

https://arxiv.org/abs/2505.00274


FCC-ee — detectors

Event rates and radiation are modest compared with HL-LHC, but Tera-Z precision imposes unprecedented stability and 
resolution demands: luminosity at 10–5 relative and 10–4 absolute precision, acceptance definition at 10–5, etc. Ultimately, 
most measurements will be systematics- and theory-limited

acceptance, 100 mrad

Muon chambers
Return yokes

DR Fibre Calo

Coil
DR Crystal Calo
Silicon Wrapper

Drift Chamber

Vertex Detector

r (
m

)

z (m)
Figure 3: Overview of the IDEA detector layout.

5

Detector concepts are built around high-granularity particle-flow calorimetry, close-to-beam MAPS vertex detectors, large low-material 
central trackers, PID, a ~2 T solenoid, and muon tagging, with fields up to 3 T possible above the Z pole.

IDEA detector concept around dual-readout (scintillation (all) & 
Cherenkov (relativistic – e/𝛾) light) fiber/Cu calorimeters [Ref]

material. Noble-liquid calorimetry was successfully used in many high-energy experiments due to
its excellent energy resolution, linearity, stability and uniformity, properties that are clearly essential
for high precision measurements, e.g. at the Z-pole, but also for the planned Higgs measurement
program. For the ALLEGRO detector concept a highly granular version of such a noble-liquid
calorimeter is proposed, combining both, the excellent intrinsic performance and stability of this
technology and the granularity to allow for 4D imaging, machine learning and - in combination
with the tracker measurements - particle-flow (PFlow) reconstruction of jets.

Figure 1. Sketch of a cross-section of a quarter of the ALLEGRO detector concept (left) and 3D view of the
implementation into the FCC-SW (right).

The tracking system consists of a silicon vertex detector and a main tracker that could be either
a gaseous tracker, a silicon tracker or a scintillating fibre tracker. The vertex detector is expected to
use either the MAPS1 or DMAPS2 technology, with the possible inclusion of an LGAD3 layer for
precise timing measurements. For the gaseous tracker option, both, a drift chamber and a recently
proposed straw chamber concept are considered. Both solutions aim at minimizing the material
budget, thereby reducing multiple scattering and improving the momentum resolutiuon. In case
a gaseous tracker is chosen, a silicon wrapper is foreseen at the outer periphery of the tracking
volume, to provide precise track measurements at the entrance of the calorimeter, and possibly a
precise measurement of the time of flight by using silicon sensors with high timing resolution such
as LGADs or DMAPS (see 3.3).

A high granularity sampling noble liquid ECAL surrounds the tracker, consisting of lead
absorbers and liquid argon (LAr), with possible other options using tungsten and/or liquid krypton
(LKr). A depth of 22 𝐿0 is achieved in a thickness of 40 cm for the Pb–LAr option, but this thickness
could be somewhat reduced for denser solutions based on W and LKr. The sampling term of the
resolution ranges from 7–8%/

→
𝑀 for a solution based on LAr down to below 5%/

→
𝑀 for one based

on LKr. The use of multilayer PCBs as readout electrodes allows for great flexibility in the size of the
readout cells as function of their position. Innovative, low-power, cold frontend electronics placed

1Monolithic Active Pixel Sensor
2Depleted Monolithic Active Pixel Sensor
3Low Gain Avalanche Detector

– 2 –

ALLEGRO detector concept around noble-
liquid EM calorimeter [Ref]

CLD detector concept silicon-tungsten 
EM calorimeter and tracker  [Ref]

*A too-strong detector solenoid (≥ 4 T) would distort the beam trajectories, induce 
transverse coupling, and blow up the vertical emittance — drastically reducing luminosity

Dual-readout (DR) technique can in principle 
distinguish between EM and HAD responses in 
single CAL. Nevertheless, newest IDEA design 
proposes DR crystal ECAL and DR fibre HCAL

36

https://arxiv.org/pdf/2502.21223
https://arxiv.org/pdf/2502.21223
https://cds.cern.ch/record/2697140?ln=en
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FCC-ee — Higgs Factory

Primary goal: Higgs precision measurements e+e– → X cross sections versus CM energy

W-boson fusion (6.7 fb)
(Z-boson fusion 0.63 fb)
WBF:𝜎 ∝ ln" ⁄𝑠 𝑚1

"  — e+/e– radiate 
W/Z, which increases with energy

H

e+

e–

!

!

"!

e+

e–

H
Z

Z

!!
HZ factory

Simulated e+e– → ZH event at 
√s = 240 GeV in IDEA detector

Higgsstrahlung (σ = 232 fb at √s = 240 GeV)
s-channel: 𝜎 ∝ ⁄1 𝑠 — falling off a resonance



4 P. Azzurri et al.: Measuring the Higgs mass and production cross section with ultimate precision at FCC-ee

The opportunities and challenges to achieve the relevant precisions on the Higgs boson mass and production cross
section at FCC-ee are now examined.

2 Opportunities and challenges: The “recoil mass” method

The precise determination of the Higgs boson coupling to the Z boson and of the Higgs boson mass at an e+e� Higgs
factory is initially optimised as follows.

1. The centre-of-mass energy is chosen so as to maximise the number of ZH events. At FCC-ee, the luminosity
steeply increases as the centre-of-mass energy decreases, so that the centre-of-mass energy was fixed to 240 GeV,
approximately 15 GeV below the value that maximises the theoretical ZH cross section [13].

2. In an initial approach, only the leptonic decays of the Z boson (Z ! `+`�, with ` = e or µ) are used for the
cross-section measurement, as they allow the ZH events to be inclusively and e�ciently selected independently
of the Higgs boson decay mode. This choice is therefore e↵ective towards an almost fully model-independent
determination of the HZZ coupling, but the small Z dielectron and dimuon branching ratios are expensive in terms
of statistical precision (Table 1).

3. The mass mrecoil recoiling against the lepton pair is determined from total energy-momentum conservation as
m2

recoil = s + m2

`` � 2
p

s(E
`
+ + E

`
�), where m`` is the lepton pair invariant mass, and E

`
+ , E

`
� are the two lepton

energies. In absence of initial state radiation and beam-energy spread, and with a perfect determination of the
lepton pair kinematics, mrecoil coincides exactly with the Higgs boson mass. In practice, the Higgs boson mass and
the ZH total cross section are fitted from the actual experimental mrecoil distribution.

Candidate ZH events where the Z boson decays to µ+µ� are selected by identifying two muons with an invariant
mass close to mZ and a total momentum transverse to the beam axis typically between 15 and 70 GeV, while using as
little information as possible from the rest of the event. The resulting mrecoil distribution, obtained with a DELPHES
simulation [14] of the IDEA detector concept [4], in particular its drift chamber [15], is displayed in the left panel of
Fig. 3 for an integrated luminosity of 5 ab�1 simulated at

p
s = 240 GeV and with a nominal Higgs boson mass of

mH = 125GeV. The background processes include the dominant diboson production e+e� ! WW and ZZ (where “Z”
can be a Z or a virtual photon), the single boson production e+e� ! Ze+e�, as well as the (radiative) dilepton events
e+e� ! (�)`+`�. The dilepton and diboson background processes were simulated with Pythia [16], while WHIZARD

was used for the other background processes and the signal [17].
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Fig. 3. Left: Inclusive mrecoil distribution for events with a Z decaying to µ+µ�, between 40 and 160GeV displaying the Z
peak from the ZZ background and the H peak from the ZH signal. Right: Expanded scale showing the mrecoil distribution in
the region around mH. The ZH signal is fitted to a double-sided Crystal Ball function [18,19], and the simulated background
to a second-order polynomial.

In the right panel of Fig. 3, the recoil mass distribution is fitted around mH with a double-sided Crystal Ball function
for the signal and a 2nd-order polynomial for the background. To minimise the biases and the need for a-posteriori
corrections arising from this choice of specific functional forms, the Higgs boson mass and the ZH cross section can also
be adjusted from template distributions obtained from simulation, and calibrated with control processes with data.
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FCC-ee — Higgs Factory

Absolute coupling strengths — difficult at LHC due to weak constraint on Γ% (current precision ~50%, HL-LHC < 25%)

Higgsstrahlung (σ = 232 fb at √s = 240 GeV)

e+

e–

H
Z

Z

!! 𝜎(𝑒4𝑒5 → 𝑍𝐻) ∝ 𝜅(6

ar
Xi

v:
21

06
.1

54
38

Combination with measurement of 𝜎(𝑒4𝑒5 → 𝑍𝐻(→ 𝑍𝑍∗)) ∝
𝜅(8

Γ9
allows to determine Γ% to 0.8% precision (30 × HL-LHC)

Can measure total HZ cross section and hence 𝜅. (0.1% precision) 
independently of Higgs decays via recoil mass (Mrecoil) by counting 
events with an identified Z → ℓℓ

Standard reference to be used by all other Higgs coupling 
measurements

𝑀/(0%1$
2 = 𝑠 − 𝐸ℓ' − 𝐸ℓ( 2 − 𝐩ℓ' + 𝐩ℓ( 2

https://arxiv.org/pdf/2106.15438
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FCC-ee – the Higgs factory

Why “factory”? 2.2M Higgs (FCC-ee) vs 350M (HL-LHC), production through Higgsstrahlung rather than s-channel 
→ e+e– collisions offer exceptionally clean Higgs reconstruction, unmatched precision on decays with large branching ratios

Table 3: Expected 68% CL relative precision of the ω parameters (Higgs couplings relative to the SM) and of
the Higgs boson total decay width !H, together with the corresponding 95% CL upper limits on the untagged
(undetected events), Bunt, and invisible, Binv, branching ratios at HL-LHC, FCC-ee (combined with HL-LHC), and
the FCC integrated programme. For the HL-LHC numbers, a |ωV | → 1 constraint is applied (denoted with an
asterisk), since no direct access to !H is possible at hadron colliders; this restriction is lifted in the combination
with FCC-ee. The ‘–’ indicates that a particular parameter has been fixed to the SM value, due to lack of sensitivity.
From Ref. [59], updated with 4 IPs, the baseline luminosities of Table 1, and the most recent versions of the data
analysis. For some of the entries, the ω precision starts being limited by the projected SM parametric uncertainties,
e.g. in mb [40]. For these entries, the precision obtained by neglecting such parametric uncertainties is also
reported (separated by a /).

Coupling HL-LHC FCC-ee FCC-ee + FCC-hh

ωZ (%) 1.3→ 0.10 0.10
ωW (%) 1.5→ 0.29 0.25
ωb (%) 2.5→ 0.38 / 0.49 0.33 / 0.45
ωg (%) 2→ 0.49 / 0.54 0.41 / 0.44
ω! (%) 1.6→ 0.46 0.40
ωc (%) – 0.70 / 0.87 0.68 / 0.85
ω∀ (%) 1.6→ 1.1 0.30
ωZ∀ (%) 10→ 4.3 0.67
ωt (%) 3.2→ 3.1 0.75
ωµ (%) 4.4→ 3.3 0.42
|ωs| (%) – +29

↑67

+29

↑67

!H (%) – 0.78 0.69
Binv (<, 95% CL) 1.9 ↑ 10

↑2 →
5 ↑ 10

↑4
2.3 ↑ 10

↑4

Bunt (<, 95% CL) 4 ↑ 10
↑2 →

6.8 ↑ 10
↑3

6.7 ↑ 10
↑3

cent precision is a clear necessary target to expose such deviations. As mentioned in Section 1.1, the
Higgs precision programme at 240 GeV (365 GeV) can be achieved within three (eight) years of opera-
tion with FCC-ee, while other colliders considered at CERN would need half a century to reach a similar
precision [14].

These phenomenological projections are now being confirmed by independent experimental stud-
ies, with different detector set-ups [63–65]. Further directions in the Higgs precision programme also
need to be more systematically investigated beyond what was done so far, in particular in the context of
specific flavour scenarios or considering BSM sources of CP violation. This document, instead, empha-
sises the benefit of the interplay between Higgs and electroweak measurements, a specificity of FCC-ee
that was not discussed in detail in the FCC CDR [10, 11] and has been studied afterwards [60, 61].

The interpretation of current Higgs boson measurements at LHC is so far not hindered by the
limited precision of the electroweak measurements at LEP and SLC. With FCC-ee targeting an order-
of-magnitude improvement in the precision of Higgs boson properties in the main channels, the current
(experimental and theoretical) precision on electroweak quantities would become a limitation. The Z-
pole run of FCC-ee is instrumental in avoiding contamination from electroweak coupling uncertainties
in the Higgs boson characterisation. If the electroweak symmetry is linearly realised in the SM fields,
the interplay between the Higgs and electroweak sectors is even deeper [66]. Indeed, e

+
e
↑ ↓ W

+
W

↑

production is then sensitive to some of the same new-physics effects as Higgs boson production and
decay processes, making both types of measurements complementary.

The Standard Model Effective Field Theory (SMEFT) framework is adopted, truncated to opera-
tors of dimension six [67,68]. The SMEFT is an appropriate framework for enumerating and quantifying

17

HL-LHC numbers updated from arXiv:2504.00672; they assume SM value for Γ4, and incl. theoretical uncertainties (mostly dominant)

Note: current 
uncertainties on Higgs 

branching fraction 
predictions O(1.5%)

1.6
1.6
3.6
2.4
1.9

~ 40
1.8
6.8
3.4
3.0
–

< 25
0.025
0.04

FCC-ee feasibility stydu (Vol 1): arXiv:2505.00272

16
5.5
7.3
4.4
4.1

~ 44
1.6
1.6
1.1
0.9
–

< 32
50
5.9

**Incl. SM 
parametric 

uncertainties

Uncertainty
HL-LHC / FCC-ee

Most precise coupling, 
probes 𝑓!	~	8	TeV

Particularly large 
improvement over HL-LHC

BR(H → 4𝜈) = 10.6 B 10–4

https://arxiv.org/abs/2504.00672
https://arxiv.org/pdf/2505.00272


40

FCC-ee – the Higgs factory

Why “factory”? 2.2M Higgs (FCC-ee) vs 350M (HL-LHC), production through Higgsstrahlung rather than s-channel 
→ e+e– collisions offer exceptionally clean Higgs reconstruction, unmatched precision on decays with large BR

Table 3: Expected 68% CL relative precision of the ω parameters (Higgs couplings relative to the SM) and of
the Higgs boson total decay width !H, together with the corresponding 95% CL upper limits on the untagged
(undetected events), Bunt, and invisible, Binv, branching ratios at HL-LHC, FCC-ee (combined with HL-LHC), and
the FCC integrated programme. For the HL-LHC numbers, a |ωV | → 1 constraint is applied (denoted with an
asterisk), since no direct access to !H is possible at hadron colliders; this restriction is lifted in the combination
with FCC-ee. The ‘–’ indicates that a particular parameter has been fixed to the SM value, due to lack of sensitivity.
From Ref. [59], updated with 4 IPs, the baseline luminosities of Table 1, and the most recent versions of the data
analysis. For some of the entries, the ω precision starts being limited by the projected SM parametric uncertainties,
e.g. in mb [40]. For these entries, the precision obtained by neglecting such parametric uncertainties is also
reported (separated by a /).

Coupling HL-LHC FCC-ee FCC-ee + FCC-hh

ωZ (%) 1.3→ 0.10 0.10
ωW (%) 1.5→ 0.29 0.25
ωb (%) 2.5→ 0.38 / 0.49 0.33 / 0.45
ωg (%) 2→ 0.49 / 0.54 0.41 / 0.44
ω! (%) 1.6→ 0.46 0.40
ωc (%) – 0.70 / 0.87 0.68 / 0.85
ω∀ (%) 1.6→ 1.1 0.30
ωZ∀ (%) 10→ 4.3 0.67
ωt (%) 3.2→ 3.1 0.75
ωµ (%) 4.4→ 3.3 0.42
|ωs| (%) – +29

↑67

+29

↑67

!H (%) – 0.78 0.69
Binv (<, 95% CL) 1.9 ↑ 10

↑2 →
5 ↑ 10

↑4
2.3 ↑ 10

↑4

Bunt (<, 95% CL) 4 ↑ 10
↑2 →

6.8 ↑ 10
↑3

6.7 ↑ 10
↑3

cent precision is a clear necessary target to expose such deviations. As mentioned in Section 1.1, the
Higgs precision programme at 240 GeV (365 GeV) can be achieved within three (eight) years of opera-
tion with FCC-ee, while other colliders considered at CERN would need half a century to reach a similar
precision [14].

These phenomenological projections are now being confirmed by independent experimental stud-
ies, with different detector set-ups [63–65]. Further directions in the Higgs precision programme also
need to be more systematically investigated beyond what was done so far, in particular in the context of
specific flavour scenarios or considering BSM sources of CP violation. This document, instead, empha-
sises the benefit of the interplay between Higgs and electroweak measurements, a specificity of FCC-ee
that was not discussed in detail in the FCC CDR [10, 11] and has been studied afterwards [60, 61].

The interpretation of current Higgs boson measurements at LHC is so far not hindered by the
limited precision of the electroweak measurements at LEP and SLC. With FCC-ee targeting an order-
of-magnitude improvement in the precision of Higgs boson properties in the main channels, the current
(experimental and theoretical) precision on electroweak quantities would become a limitation. The Z-
pole run of FCC-ee is instrumental in avoiding contamination from electroweak coupling uncertainties
in the Higgs boson characterisation. If the electroweak symmetry is linearly realised in the SM fields,
the interplay between the Higgs and electroweak sectors is even deeper [66]. Indeed, e

+
e
↑ ↓ W

+
W

↑

production is then sensitive to some of the same new-physics effects as Higgs boson production and
decay processes, making both types of measurements complementary.

The Standard Model Effective Field Theory (SMEFT) framework is adopted, truncated to opera-
tors of dimension six [67,68]. The SMEFT is an appropriate framework for enumerating and quantifying
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Fig. 9.9: Collider limits overlaid onto direct detection. (Top) Assuming Higgs portal scalar DM,
(Bottom) Assuming Higgs portal Majorana DM. The grey area represents current constraints
from direct detection experiments. Future projections for XLZD [712] and DarkSide [717] are
overlaid. The notebook to generate the figure is available at [659].

nated by prompt dilepton resonance searches: HL-LHC and FCC-hh reach is extrapolated from
CMS dark photon analyses using high-rate scouting and offline triggers [760,761]. Lepton col-
liders (ILC [762] and CEPC [763], FCC-ee [764], and Muon Collider [447]) exploit associated
production and radiative return channels to probe lower ! values with high precision.

Axion-like particles (ALPs) In collider environments, ALPs can be produced either res-
onantly or through exotic decays of the Z or Higgs bosons, such as Z → a∀ , h → aZ, or h → aa.
Additional production channels include vector boson fusion and associated production at e+e↑

colliders. Ultra-peripheral collisions of heavy ions, where ALPs may be produced in the quasi-
coherent scattering Pb + Pb → Pb(↓) + Pb(↓) + a [ID68], also provide a promising probe. Col-
lider sensitivities are shown in Fig. 8.16, where projections typically assume CWW = 0 and
are derived from limits on C∀∀/! converted into ga∀∀ as in [765]. At e+e↑ colliders, FCC-
ee is particularly sensitive at the Z pole via the exotic decay Z → a∀ [765, 766], considering
both visible and mono-photon channels. Hadron colliders such as the FCC-hh, and heavy-ion
searches in FCC-Pb and ALICE access ALP production through gluon fusion and photon fu-

163

Collider limits 
overlaid onto direct 
detection (Higgs 
portal assuming 
Majorana DM)

Table 3: Expected 68% CL relative precision of the ω parameters (Higgs couplings relative to the SM) and of
the Higgs boson total decay width !H, together with the corresponding 95% CL upper limits on the untagged
(undetected events), Bunt, and invisible, Binv, branching ratios at HL-LHC, FCC-ee (combined with HL-LHC), and
the FCC integrated programme. For the HL-LHC numbers, a |ωV | → 1 constraint is applied (denoted with an
asterisk), since no direct access to !H is possible at hadron colliders; this restriction is lifted in the combination
with FCC-ee. The ‘–’ indicates that a particular parameter has been fixed to the SM value, due to lack of sensitivity.
From Ref. [59], updated with 4 IPs, the baseline luminosities of Table 1, and the most recent versions of the data
analysis. For some of the entries, the ω precision starts being limited by the projected SM parametric uncertainties,
e.g. in mb [40]. For these entries, the precision obtained by neglecting such parametric uncertainties is also
reported (separated by a /).

Coupling HL-LHC FCC-ee FCC-ee + FCC-hh

ωZ (%) 1.3→ 0.10 0.10
ωW (%) 1.5→ 0.29 0.25
ωb (%) 2.5→ 0.38 / 0.49 0.33 / 0.45
ωg (%) 2→ 0.49 / 0.54 0.41 / 0.44
ω! (%) 1.6→ 0.46 0.40
ωc (%) – 0.70 / 0.87 0.68 / 0.85
ω∀ (%) 1.6→ 1.1 0.30
ωZ∀ (%) 10→ 4.3 0.67
ωt (%) 3.2→ 3.1 0.75
ωµ (%) 4.4→ 3.3 0.42
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↑2 →
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↑4
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↑4
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↑2 →
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↑3
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↑3

cent precision is a clear necessary target to expose such deviations. As mentioned in Section 1.1, the
Higgs precision programme at 240 GeV (365 GeV) can be achieved within three (eight) years of opera-
tion with FCC-ee, while other colliders considered at CERN would need half a century to reach a similar
precision [14].

These phenomenological projections are now being confirmed by independent experimental stud-
ies, with different detector set-ups [63–65]. Further directions in the Higgs precision programme also
need to be more systematically investigated beyond what was done so far, in particular in the context of
specific flavour scenarios or considering BSM sources of CP violation. This document, instead, empha-
sises the benefit of the interplay between Higgs and electroweak measurements, a specificity of FCC-ee
that was not discussed in detail in the FCC CDR [10, 11] and has been studied afterwards [60, 61].

The interpretation of current Higgs boson measurements at LHC is so far not hindered by the
limited precision of the electroweak measurements at LEP and SLC. With FCC-ee targeting an order-
of-magnitude improvement in the precision of Higgs boson properties in the main channels, the current
(experimental and theoretical) precision on electroweak quantities would become a limitation. The Z-
pole run of FCC-ee is instrumental in avoiding contamination from electroweak coupling uncertainties
in the Higgs boson characterisation. If the electroweak symmetry is linearly realised in the SM fields,
the interplay between the Higgs and electroweak sectors is even deeper [66]. Indeed, e

+
e
↑ ↓ W

+
W

↑

production is then sensitive to some of the same new-physics effects as Higgs boson production and
decay processes, making both types of measurements complementary.

The Standard Model Effective Field Theory (SMEFT) framework is adopted, truncated to opera-
tors of dimension six [67,68]. The SMEFT is an appropriate framework for enumerating and quantifying
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Table 2: Experimental (statistical and systematic) precision expected for a selection of measurements accessible
at FCC-ee, compared with the present world-average precision [35]. Some of the FCC-ee experimental systematic
uncertainties (4th column) are initial estimates from early 2021 [36] and others have been improved and consol-
idated during the Feasibility Study. A goal of further studies will be to improve them down to the level of the
statistical uncertainties (3rd column) with new ideas and innovative methods. This set of measurements, together
with those of the Higgs boson properties, achieves indirect sensitivity to new physics up to a scale ! of 100 TeV in
an Effective Field Theory (EFT) description with dimension-6 operators (Chapter 2) and possibly much higher in
specific new physics (non-decoupling) models.

Observable present FCC-ee FCC-ee Comment and
value ± uncertainty Stat. Syst. leading uncertainty
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in radiative Z returns

mtop (MeV) 172 570 ± 290 4.2 4.9 From tt threshold scan
QCD uncert. dominate

”top (MeV) 1 420 ± 190 10 6 From tt threshold scan
QCD uncert. dominate

ςtop/ςSM
top 1.2 ± 0.3 0.015 0.015 From tt threshold scan

QCD uncert. dominate

ttZ couplings ± 30% 0.5–1.5 % small From
↑

s = 365 GeV run
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Input to global electroweak fit: requires significant improvements in theoretical predictions

Improvements up to × 500 over current knowledge

arXiv:2505.00272
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Table 1: Advantageous attributes for flavour-physics studies at Belle II (!(4S)), the LHC (pp) and FCC-ee (Z).

Attribute !(4S) pp Z
All hadron species ↭ ↭
High boost ↭ ↭
Enormous production cross-section ↭
Negligible trigger losses ↭ ↭
High geometrical acceptance ↭ ↭
Low backgrounds ↭ ↭
Flavour-tagging power ↭ ↭
Initial-energy constraint ↭ (↭)

Table 2: Yields of heavy-flavoured particles produced at FCC-ee for 6 → 1012 Z decays (the charge-
conjugated hadrons have the same yields). These sample sizes assume the branching fractions and hadro-
nisation rates reported in Refs. [6,7]. The B+

c hadronisation fraction is assumed to be fBc = 2→10→3 [8].

Particle species B0 B+ B0
s ”b B+

c cc ω→ω+

Yield (109) 370 370 90 80 2 720 200

The detector concepts under consideration for FCC-ee are evolving with the requirements of
flavour-physics measurements very much in mind. The detector capabilities that are essential for Higgs
physics are also, in general, beneficial for flavour studies, for example excellent momentum resolu-
tion. However, in some cases flavour physics demands even higher levels of performance, such as in
secondary and tertiary vertex resolution, and in electromagnetic-calorimeter resolution for the recon-
struction of single ε0 mesons and photons. Here, therefore, it is flavour that is acting as one of the main
drivers for detector design. Hadron identification from around 1 GeV to several 10s of GeV is essential
for a comprehensive programme of flavour measurements, and various solutions are being pursued that
will enable this, from cluster counting in a wire chamber to a compact Ring Imaging Cherenkov detector.
The availability of four interaction points will ensure that at least one experiment can be fully optimised
for flavour physics.

3 Performance in selected measurements: PPG benchmarks
Brief prospects are provided for the measurements in selected topics requested by the PPG of the ESPP.
In several cases, the numerical projections need to be consolidated by full simulation studies.
3.1 Rare B decays with neutrinos and taus
Studies of FCNC processes involving the third generation of leptons are of great interest, as these
transitions may be perturbed in different ways by New Physics than the more well-studied decays in-
volving muons and electrons. For example, large effects are predicted by models that seek to ex-
plain the R(D(↑)) anomalies [9, 10]. Currently, these decays are poorly constrained by experiment,
with the best limits being B(B+

↑ K+ω+ω→) < 2.25 → 10→3 at the 90% CL from BaBar [11] and
B(B0

s ↑ ω+ω→) < 6.8 → 10→3 at the 95% CL from LHCb [12]. These limits will improve over the
full HL-LHC and Belle II running periods, but still remain far above the SM prediction, which is at
the ↓10→7 level for B ↑ K(↑)ω+ω→ [13]. The Tera-Z programme of FCC-ee provides an outstanding
opportunity to probe this regime.

The search for the transition B0
↑ K↑0(892)ω+ω→ is challenging because of the two undetected

neutrinos emitted from ω decays. However, sufficiently good knowledge of the B0 decay vertex from the
K↑0(892) ↑ K+ε→ decay and that of the taus from the three-prong ω+ ↑ ε+ε→ε+ decay, together with
mass constraints, allows for an exclusive reconstruction of the decay [13]. A sample of FCC-ee events
simulated with the IDEA tracking detector is used to evaluate how the signal significance depends on the
performance of the vertex reconstruction. A comprehensive set of background processes is considered

2

BR(Z → bb / cc) = 15% / 12%
Γ(Z → qq) ∝ (𝑔)*+𝑔+*)

offers unique opportunities in this respect. Despite the fact that many tests in this sector have been per-
formed in the recent past, without reporting significant deviations from the SM, the discovery potential
remains high.

One class of unique opportunities concerns b-hadron and ! decays, and, in particular, b → !
transitions. These processes directly test models where new physics is coupled mainly to the third gen-
eration — a general feature of many explicit BSM scenarios. Moreover, the class of models that can
be tested indirectly via such studies is also the one less constrained by direct searches (given the sup-
pressed couplings to light quarks). Here, the FCC-ee programme offers a particularly large margin of
improvement over the accuracy expected from currently approved flavour physics experiments, both at
HL-LHC and at lower-energy e

+
e
→ colliders (in particular Belle II at Super KEKB). The key features of

the flavour-physics programme during the Z-pole run at FCC-ee can be summarised as follows.

– Clean environment (as in B-factories), with momentum and tagging efficiency of the pair-produced
b’s, c’s, and !’s from Z decays, with ↑ 10 times more bb and cc pairs than the total collected by
Belle II (Table 6).

– Boosted b’s and !’s, leading to a significantly higher efficiency (compared to B-factories) for
modes with missing energy (especially multiple-∀ modes) and inclusive modes, as well as smaller
uncertainties in lepton ID efficiencies.

Table 6: Yields of heavy-flavoured particles produced at FCC-ee for 6 ↓ 10
12

Z decays [190].

Particle species B
0

B
+

B
0

s
#

b
B

+

c
cc !→!+

Yield (↓10
9) 370 370 90 80 2 720 200

These features lead to to the identification of the following class of observables as particularly
promising: i) neutral-current rare b- and c-hadron decays with !+!→ and ∀∀ pairs in the final state;
ii) charged-current b-hadron decays with a !∀ pair in the final state; iii) CP-violating observables in b-
and c-hadron decays involving neutral particles in the final states (∃0, K

S
, % , . . . ); iv) lepton flavour

violating ! decays; v) precision tests of lepton universality in ! decays.
In addition to these classical flavour studies via low-energy probes, a truly unique opportunity of-

fered by FCC-ee is the possibility of determining flavour parameters from W decays, as well as searching
for flavour-violating decays of Z and Higgs bosons. Within the SM, these processes are possibly too rare
to be detected, but their search is an effective way to constrain or discover BSM dynamics. Some further
ideas uniquely relevant to the FCC-ee flavour programme are discussed in Refs. [190–192]

The wide-ranging FCC-ee flavour physics programme cannot be easily summarised in a few pages.
The most interesting classes of observables are listed below, together with a discussion of a few examples
that illustrate the physics reach and the diversity of this programme.

2.4.1 Lepton universality tests in ! decays
The major improvement expected at FCC-ee in the precision of measurements of the leptonic ! decay
branching fraction, the ! mass, m!, and the ! lifetime, ω!, corresponds to a jump of more than one
order of magnitude (from 10

→3 to 10
→4) in tests of universality between third-generation and light lep-

tons [193, 194]. An illustration of the FCC-ee reach on these measurements is shown in the left panel of
Fig. 34 [195]. With this level of precision, models addressing the hint of non-universality observed in
b → c!∀ decays [196] could either be unambiguously confirmed, leading to a major discovery, or ruled
out. Theoretical work (on electroweak and radiative corrections), achievable with present knowledge but
not yet available, is needed to reduce the theoretical systematic uncertainties on these measurements well
below the projected experimental systematic uncertainties.
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Yields for 
6	6	1012 Z 

Belle-II (×109)     28      28      –       –       –        33       46 Yields for 
50 ab–1

offers unique opportunities in this respect. Despite the fact that many tests in this sector have been per-
formed in the recent past, without reporting significant deviations from the SM, the discovery potential
remains high.

One class of unique opportunities concerns b-hadron and ! decays, and, in particular, b → !
transitions. These processes directly test models where new physics is coupled mainly to the third gen-
eration — a general feature of many explicit BSM scenarios. Moreover, the class of models that can
be tested indirectly via such studies is also the one less constrained by direct searches (given the sup-
pressed couplings to light quarks). Here, the FCC-ee programme offers a particularly large margin of
improvement over the accuracy expected from currently approved flavour physics experiments, both at
HL-LHC and at lower-energy e

+
e
→ colliders (in particular Belle II at Super KEKB). The key features of

the flavour-physics programme during the Z-pole run at FCC-ee can be summarised as follows.

– Clean environment (as in B-factories), with momentum and tagging efficiency of the pair-produced
b’s, c’s, and !’s from Z decays, with ↑ 10 times more bb and cc pairs than the total collected by
Belle II (Table 6).

– Boosted b’s and !’s, leading to a significantly higher efficiency (compared to B-factories) for
modes with missing energy (especially multiple-∀ modes) and inclusive modes, as well as smaller
uncertainties in lepton ID efficiencies.

Table 6: Yields of heavy-flavoured particles produced at FCC-ee for 6 ↓ 10
12

Z decays [190].

Particle species B
0

B
+

B
0

s
#

b
B

+

c
cc !→!+

Yield (↓10
9) 370 370 90 80 2 720 200

These features lead to to the identification of the following class of observables as particularly
promising: i) neutral-current rare b- and c-hadron decays with !+!→ and ∀∀ pairs in the final state;
ii) charged-current b-hadron decays with a !∀ pair in the final state; iii) CP-violating observables in b-
and c-hadron decays involving neutral particles in the final states (∃0, K

S
, % , . . . ); iv) lepton flavour

violating ! decays; v) precision tests of lepton universality in ! decays.
In addition to these classical flavour studies via low-energy probes, a truly unique opportunity of-

fered by FCC-ee is the possibility of determining flavour parameters from W decays, as well as searching
for flavour-violating decays of Z and Higgs bosons. Within the SM, these processes are possibly too rare
to be detected, but their search is an effective way to constrain or discover BSM dynamics. Some further
ideas uniquely relevant to the FCC-ee flavour programme are discussed in Refs. [190–192]

The wide-ranging FCC-ee flavour physics programme cannot be easily summarised in a few pages.
The most interesting classes of observables are listed below, together with a discussion of a few examples
that illustrate the physics reach and the diversity of this programme.

2.4.1 Lepton universality tests in ! decays
The major improvement expected at FCC-ee in the precision of measurements of the leptonic ! decay
branching fraction, the ! mass, m!, and the ! lifetime, ω!, corresponds to a jump of more than one
order of magnitude (from 10

→3 to 10
→4) in tests of universality between third-generation and light lep-

tons [193, 194]. An illustration of the FCC-ee reach on these measurements is shown in the left panel of
Fig. 34 [195]. With this level of precision, models addressing the hint of non-universality observed in
b → c!∀ decays [196] could either be unambiguously confirmed, leading to a major discovery, or ruled
out. Theoretical work (on electroweak and radiative corrections), achievable with present knowledge but
not yet available, is needed to reduce the theoretical systematic uncertainties on these measurements well
below the projected experimental systematic uncertainties.
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Clean reconstruction due to boost and flavour tagging (> LHCb), 
excellent charm / 𝜏 separation (challenging at ϒ(4S))

Ultimate CKM angle precision (similar to LHCb)
Ultimate τ factory

The larger yield of B mesons than Belle II allows unmatched 
precision on B decays with neutrinos

FCC-ee (×109)

B → 𝜏𝜈 allows 1% measurement of |Vub| and running above 
WW threshold allows on-shell measurement of |Vcb| to ~1% 
Current precision 3.5Vub / 1.1Vcb%, but discrepancies between exclusive 
and inclusive results of 17Vub / 5Vcb%, respectively

ar
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v:
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72

Large c and b-hadron statistics — combines strengths of Belle-II (e+e– → ϒ(4S) → BB) and LHCb (pp → bb + X)

https://arxiv.org/abs/2505.00272


45

FCC-ee — projected construction cost
First stage incl. Z, WW and ZH working points. Upgrade to ttbar adds 1,260 MCHF

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

• Human resources for construction estimated to 15,000 FTE-years

Over a period of 15 yearsNote: First FCC-ee stage (up to ZH)
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FCC-ee — projected construction cost
First stage incl. Z, WW and ZH working points. Upgrade to ttbar adds 1,260 MCHF

Socio-economic impact analysis (incl. 
investment, personnel, external effects, 
dismantling, …) estimates benefit–cost 
factor of 1.2 (net: 4.1 MCHF)
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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

• Human resources for construction estimated to 15,000 FTE-years

Over a period of 15 yearsNote: First FCC-ee stage (up to ZH)

https://doi.org/10.5281/zenodo.10653395
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FCC — timeline of integrated programme 
FCC-ee followed by FCC-hh

2033–2041 civil engineering construction work

2039–2043 technical infrastructure installation

2041–2045 accelerator installation

Reference design phase

European strategy 
recommendation
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FCC-ee — global collaboration
Increasing international collaboration is a prerequisite for success. Links with science, R&D, and high-tech 
industry will be essential to further advance and prepare the implementation of the FCC

38 Countries (162 Institutes)
Austria – Belgium – Brazil –  Canada – CERN – 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
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European Commission — moonshots
Recognition by the European Commission highlights the strategic value of the FCC, not only for 
fundamental research but also as a project fostering high-level collaboration in Europe

Moonshots

Future Circular Collider Clean Aviation Quantum Computing Next Generation AI Data Sovereignty

What:  Sustain Europe’s leadership in 
particle physics by investing in 
CERN’s next-generation collider.

How:    Co-invest with other CERN 
countries, leveraging Horizon 
Europe funding.

What:  Lead the world in developing 
the next generation of CO₂-free 
aircra".

How:    Bring together industry and 
scientific capacities to achieve 
breakthroughs in clean aviation.

What:  Make Europe the first continent 
with fully integrated quantum 
computing in daily life.

How:    Develop applications from 
medicine to climate, solving 
previously impossible problems 
for 450 million citizens.

What:  Model the new AI on the laws of 
nature and grounded in physics 
and biology.

How:    AI developed by, with, and 
for European scientists and 
industry, drawing to Europe the 
world’s best minds.

What:  Make Europe the global leader 
and safest hub for critical 
research data.

How:    Provide access to critical data 
for researchers, universities and 
companies, o#ering competitive 
advantage in tackling global 
challenges.

Automated Transport 
and Mobility

Regenerative  
Therapies

Fusion  
Energy

Space  
Economy

Zero Water  
Pollution

Ocean  
Observation

What:  Advance safe, inclusive, and 
emission-reducing automated 
transport and mobility in Europe.

How:    Invest in smart transport 
systems to improve traffic, 
reduce emissions, and enhance 
access.

What:  Deliver breakthrough therapies 
to improve people’s health and 
lives.

How:    Harness Europe’s scientific 
strengths to treat incurable 
diseases and personalise 
medicine.

What:  The first commercial nuclear 
fusion power plant, generating 
safe, consistent, and reliable 
electricity.

How:    Overcome the scientific and 
technological challenges 
necessary to put fusion on the 
grid in Europe by 2034.

What:  Make Europe the leader in the 
space economy.

How:    Develop the next generation 
launch vehicles such as reusable 
rockets, able to deploy massive 
cargo by 2040.

What:  Move towards zero pollution of 
water in the EU.

How:    Stimulate innovation to build 
a true water-smart economy 
which secures sufficient, clean 
and a#ordable water and 
sanitation to all at all times.

What:  Achieving strategic autonomy 
in ocean observation 
infrastructure, data and 
information services.

How:    Developing, connecting, 
governing and securing the next 
generation of European ocean 
observing technologies

© European Union, 2025

Reuse of this document is allowed, provided appropriate credit is given and any changes are indicated (Creative Commons 
Attribution 4.0 International license). For any use or reproduction of elements that are not owned by the EU, permission may 
need to be sought directly from the respective right holders. All images © European Union, unless otherwise stated.
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#334399560, kmls # 83033091, © wowinside # 452879200, © zume # 27452391, © lovelyday12, # 483072581, © CreativeBro,  # 1245878872, 2025. Source: Stock.Adobe.com

Moonshots

Future Circular Collider Clean Aviation Quantum Computing Next Generation AI Data Sovereignty

What:  Sustain Europe’s leadership in 
particle physics by investing in 
CERN’s next-generation collider.

How:    Co-invest with other CERN 
countries, leveraging Horizon 
Europe funding.

What:  Lead the world in developing 
the next generation of CO₂-free 
aircra".

How:    Bring together industry and 
scientific capacities to achieve 
breakthroughs in clean aviation.

What:  Make Europe the first continent 
with fully integrated quantum 
computing in daily life.

How:    Develop applications from 
medicine to climate, solving 
previously impossible problems 
for 450 million citizens.

What:  Model the new AI on the laws of 
nature and grounded in physics 
and biology.

How:    AI developed by, with, and 
for European scientists and 
industry, drawing to Europe the 
world’s best minds.

What:  Make Europe the global leader 
and safest hub for critical 
research data.

How:    Provide access to critical data 
for researchers, universities and 
companies, o#ering competitive 
advantage in tackling global 
challenges.

Automated Transport 
and Mobility

Regenerative  
Therapies

Fusion  
Energy

Space  
Economy

Zero Water  
Pollution

Ocean  
Observation

What:  Advance safe, inclusive, and 
emission-reducing automated 
transport and mobility in Europe.

How:    Invest in smart transport 
systems to improve traffic, 
reduce emissions, and enhance 
access.

What:  Deliver breakthrough therapies 
to improve people’s health and 
lives.

How:    Harness Europe’s scientific 
strengths to treat incurable 
diseases and personalise 
medicine.

What:  The first commercial nuclear 
fusion power plant, generating 
safe, consistent, and reliable 
electricity.

How:    Overcome the scientific and 
technological challenges 
necessary to put fusion on the 
grid in Europe by 2034.

What:  Make Europe the leader in the 
space economy.

How:    Develop the next generation 
launch vehicles such as reusable 
rockets, able to deploy massive 
cargo by 2040.

What:  Move towards zero pollution of 
water in the EU.

How:    Stimulate innovation to build 
a true water-smart economy 
which secures sufficient, clean 
and a#ordable water and 
sanitation to all at all times.

What:  Achieving strategic autonomy 
in ocean observation 
infrastructure, data and 
information services.

How:    Developing, connecting, 
governing and securing the next 
generation of European ocean 
observing technologies
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Link to document

https://research-and-innovation.ec.europa.eu/document/download/a64d902e-c508-4694-a0da-60504d071f82_en?filename=ec_rtd_mff-moonshots.pdf
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FCC-ee is Europe’s priority for CERN’s next collider project: a transformative 
instrument for exploring the Higgs boson, the electroweak sector, and the quantum 
structure of fundamental interactions with unprecedented precision

A detailed feasibility study has been released, and the project is now moving toward 
the next design phase, with a possible CERN Council decision around 2028

FCC-ee is also the foundation for the future energy frontier, enabling a subsequent 
hadron collider in the same infrastructure — a highly synergistic and complementary 
programme that maximises the long-term physics reach

Sustainability is a design principle, not an afterthought, embedded in the FCC-ee 
study from the outset

Conclusions
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Extra slides …
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FCC-ee — projected acceptance
Does the average taxpayer in CERN’s member states support a new accelerator at CERN?

A public perception study assessed quantitative indicators for drivers as basis for evidence-based actions 

How much of their taxes would citizens be willing                                  
to allocate to a new collider project at CERN?

Study based on accredited methodology, passed through an 
ethics committee and carried out with an independent, domain 
specific quality management certified support company.

Link to article: https://inspirehep.net/literature/3155013 

• In general, the offered amounts exceed 
significantly the actual contribution of a 
taxpayer to CERN

• 66% of respondents expressed their 
willingness to financially support a new 
collider at CERN with their annual taxes. 
34% reported zero willingness to support

• Positive opinions raised from 58% to 78%, 
negative fell from 18% to 2% after receiving 
specific CERN related information

https://inspirehep.net/literature/3155013
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HL-LHC Physics prospects — Higgs

Higgs coupling prospects | Coupling strength modifiers (𝜅,* ≡ ⁄𝜎, 𝜎,%&, assuming SM Γ-)
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Expected uncertainty
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Uncertainty [%]

CMS+ATLAS
Projections ESPPU 2026

 per experiment-1 = 14 TeV, S2, 3 abs

Total
Statistical
Experimental
Theory
2% 4%

Unique sensitivity to 
rare decays and to 
top coupling

In SILH 5.0% (1.6%) 
precision on 𝜅2 probes 
compositeness scale                    
𝑓!	~ 1.1 (1.9) TeV

Prospects for Higgs width from off-shell 
measurement, invisible Higgs decays, 
Higgs sector extensions (2HDM)

• ΓH via μoff-shell / μon-shell in H → 4ℓ & 2ℓ2𝜈           
with < 20% uncertainty

• BR(H → invisible) < 2.5%

• Discover or exclude MSSM two Higgs  
doublets scenario deep into TeV scale                 
for tanβ > 6

Even with 2× 
better theory 
precision, 
theoretical 
uncertainties will 
be dominant
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HL-LHC Physics prospects — Higgs

Higgs self-coupling via Higgs pair production: complex final states, eldorado for ML enthusiasts, strongest channels: 
HH → bb𝛾𝛾, bb𝜏𝜏, bbbb. Best sensitivity to 𝝀 at low m(HH) 

For SM: 
• Expect HH observation > 7σ
• 𝜿𝝀 precision better than 30%
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produced, for example, through the gluon-fusion mode shown in Figure 1 (c). Models with two Higgs53

doublets [5], such as the minimal supersymmetric extension of the SM [6], twin Higgs models [7] and54

composite Higgs models [8, 9] involve the addition of a second complex scalar doublet. This implies55

the existence of a heavy Higgs boson that could then decay to two of its lighter, SM-like, partners. In56

addition, the Randall-Sundrum model of warped extra dimensions [10] predicts both spin-0 radions and57

spin-2 gravitons that could couple to a Higgs boson pair in this way.58

In addition to the resonant production discussed above, there can also be non-resonant enhancements to59

the di-Higgs cross-section. These can either come through loop-corrections from new particles, such as60

light, coloured scalars [11], or through non-SM couplings: either additional couplings not present in the61

SM or alterations to SM couplings between the Higgs boson and other particles. Anomalous couplings,62

such as contact interactions between two top quarks and two Higgs bosons [12], can also enhance the63

SM cross-section, although no interpretation in terms of such processes is considered here. Deviations64

from SM couplings can be quantified using �, which measures deviations in the Higgs self-coupling65

(� = �HHH/�SM), and t , which measures deviations in the Yukawa coupling between the top quark and66

the Higgs boson (t = yt/yt,SM ), where the SM subscript refers to the SM value of these parameters.67

(a)

H
H

H
(b) (c)

Figure 1: Leading-order production modes for Higgs boson pairs. In the SM, there is destructive interference between
(a) the heavy-quark loop and (b) the Higgs self-coupling production modes, which reduces the overall cross-section.
BSM Higgs boson pair production could proceed through changes to the Higgs couplings, for example the tt̄H (red
vertices) or HHH (blue vertices) couplings which contribute to (a) and (b), or through an intermediate resonance,
X , which could, for example, be produced through a quark loop as shown in (c).

This paper describes a search for the production of pairs of Higgs bosons in pp collisions at the LHC. The68

search is carried out in the ��bb̄ final state, and considers both resonant and non-resonant contributions.69

For the resonant search, the narrow-width approximation is used, focusing on a resonance with mass (mX)70

in the range 260 GeV < mX < 1000 GeV. Although this search is for a generic scalar decaying to a pair71

of Higgs bosons, the simulated samples used to optimise the search were produced in the gluon-fusion72

mode. Previous searches have been carried out by the ATLAS [13] and CMS [14] collaborations in the73

��bb̄ channel at
p

s = 8 TeV, as well as in other final state searches [15–18] performed at both
p

s = 8 TeV74

and
p

s = 13 TeV.75

Events are required to have two isolated photons, accompanied by two jets, at least one of which is tagged76

as originating from a b-quark. These jets are required to have dijet invariant mass (mj j) compatible with77

the mass of the Higgs boson, mH = 125.09 GeV [3]. Events with one or two b-tagged jets are classified78

into separate signal regions. Two analysis selections are defined, one which is more sensitive at the low79

end of the resonance mass range and the other which is more sensitive for high masses – hereafter these80

are termed the ‘low mass’ and ‘high mass’ selections. For non-resonant production, the signal consists81

of a narrow peak around mH in the diphoton invariant mass (m��) spectrum on top of a smoothly falling82

background and can be extracted using an appropriate fit to the m�� distribution of the selected events.83

For resonant production, the signal consists of a peak in the four-object invariant mass (m�� j j) spectrum84

6th April 2018 – 16:49 5

𝜅0 ≡ ⁄𝜆1234 𝜆56

arXiv:2504.00672

https://arxiv.org/abs/2504.00672
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FCC-ee – Injector

FCC-ee injector with high-energy linac

• Located on CERN Prévessin site 

• Transfer line to FCC PA (LHC P8, LHCb),            
“cut and cover” construction

• Conventional positron source using tungsten 
target + capture linac, need: 1.1⨯1013 e+/s 
(SLC: ∼6 ⨯1012 e+/s)

• 2.9 GeV damping ring with wigglers (small 
synchrotron to reduce transverse and 
longitudinal beam emittance)

• Main linac ~1 km with 22.5 MV/m to 
accelerate e+ and e– to 20 GeV for injection 
into booster

• Total length about 1.2 km SPS

FCC

~125 m~50 m

positron source and linac
350 m, 14 MV/m

electron source and linac 
204 m, 20.5 MV/m

electron transfer line

HE linac (main linac)
1025 m, 22.5 MV/m

Linac buidings and energy compressor ~1025 m

~1200 m

e+

e-

e+

e-
20 GeV

2.86 GeV

2.86 GeV

Damping ring
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FCC-ee — parameters

FCC-ee main parameters (assuming 4 IPs / experiments)

Parameter Z WW H (ZH) t ̅t

Collision energy √s  [GeV] 88, 91, 94 157, 163 240 340–350 365
SR energy loss / turn [GeV] 0.036 0.08 1.7 7.8 9.2
Total RF voltage 400 / 800 MHz [GV] 0.08 / 0 1.0 / 0 2.1 / 0 2.1 / 7.4 2.1 / 9.2
Synchrotron radiation/beam [MW] 50 50 50 50 50
Beam current [mA] 1294 135 26.8 6.0 5.1
Number bunches / beam 11200 1852 300 70 64
Luminosity / IP [1034 cm–2s–1] 144 20 7.5 1.8 1.4
Luminosity / year [ab–1] 68 9.6 3.6 0.83 0.67
Run time (including lumi ramp-up) [years] 4 2 3 1 4
Total integrated luminosity [ab–1] 205 19.2 10.8 0.4 2.7

Total number of events 6	$	1012 Z 2.4	$	108 WW
(incl. WW at higher √s)

2.2	$	106 ZH
65k WW → H

2	$	106 t ̅t  +  370k ZH
+  92k WW → H

Ref: arXiv:2505.00274

Despite the constant synchrotron power (𝑈F ∝ ⁄𝐸8 𝜌, 𝑃GH = 𝑈F𝐼), due to the larger RF voltage and system size 
(increased cryogenic system), RF efficiency losses, and other increasing accelerator demands, the electrical power 
consumption increases with CM energy:  

FCC-ee electrical energy consumption Z W H top
Beam energy [GeV] 45.6 80 120 182.5
Peak power during beam operation [MW] 250 275 297 381
Total FCC-ee yearly consumption [TWh] 1.2 1.3 1.4 1.85

LHC + injectors: ~ 200 MW peak power

Today with LHC operating: ~1.3 TWh

Various R&D towards further reduction of electrical energy consumption 

Global data-centre electricity use is projected to rise from 460 TWh in 2024 
(1.5% of total electricity consumption) to 1,000 TWh (±25%) by 2030 and 
1,300 (±40%) TWh by 2035 (~15% annual raise), driven mainly by the US 
and China. The AI share may grow from 10~20% today to 30~50% in 2035.
Reference: International Energy Agency, 
see also this critical review of the modelling

Aerial view of Microsoft’s new AI datacenter 
in Mt Pleasant, Wisconsin, Sep 2025 [Link]

https://arxiv.org/abs/2505.00274
https://www.iea.org/reports/energy-and-ai/energy-demand-from-ai
https://www.iea-4e.org/wp-content/uploads/2025/05/Data-Centre-Energy-Use-Critical-Review-of-Models-and-Results.pdf?utm_source=chatgpt.com
https://blogs.microsoft.com/blog/2025/09/18/inside-the-worlds-most-powerful-ai-datacenter/
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FCC-ee — beam energy 

Precise knowledge of beam energy at Z pole crucial, meticulous work done at LEP to achieve

mZ     ΓZ
LEP ECM related syst. uncertainty: 1.7 MeV (1.9 × 10–5) 1.2 MeV
FCC-ee statistical uncertainty: 4 keV (≪ 10–6) 4 keV

Precise beam energy calibration (ΔE/E < 10–6) through resonant 
depolarisation (RDP) as previously done at VEPP-2M (Novosibirsk) and LEP

• Due to synchrotron radiation, e± in storage ring become transversely polarised with a 
spin tune (number of spin precessions per turn in the bending field): ν( = a(γ =
a( ⁄E( m(. By applying an external RF field tuned to ν(, which depolarises the beam, 
E(	can be measured with extraordinary precision

• At LEP, RDP could only be performed in a few fills, before or after collisions. ECM 
knowledge limited by modelling of time evolution between measurements. ECM 
calibration must be a central consideration in FCC-ee design & operational strategy: 
quasi-continuous RDP using non-colliding (unpaired) bunches

• Expect that ECM systematics can be limited to 100 keV on mZ and 25 keV on ΓZ
Beam energy variation at LEP from Earth tides

~ 9 MeV

See, eg, this CERN Courier article

https://cerncourier.com/a/the-power-of-polarisation-for-fcc-ee-physics/


FCC-ee – also a Tera-Z, W and top factory
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Table 2: Experimental (statistical and systematic) precision expected for a selection of measurements accessible
at FCC-ee, compared with the present world-average precision [35]. Some of the FCC-ee experimental systematic
uncertainties (4th column) are initial estimates from early 2021 [36] and others have been improved and consol-
idated during the Feasibility Study. A goal of further studies will be to improve them down to the level of the
statistical uncertainties (3rd column) with new ideas and innovative methods. This set of measurements, together
with those of the Higgs boson properties, achieves indirect sensitivity to new physics up to a scale ! of 100 TeV in
an Effective Field Theory (EFT) description with dimension-6 operators (Chapter 2) and possibly much higher in
specific new physics (non-decoupling) models.

Observable present FCC-ee FCC-ee Comment and
value ± uncertainty Stat. Syst. leading uncertainty

mZ (keV) 91 187 600 ± 2000 4 100 From Z line shape scan
Beam energy calibration

”Z (keV) 2 495 500 ± 2300 4 12 From Z line shape scan
Beam energy calibration

sin
2 ωeff

W
(→10

6
) 231,480 ± 160 1.2 1.2 From A

µµ
FB at Z peak

Beam energy calibration

1/εQED(m2

Z
) (→10

3
) 128 952 ± 14 3.9 small From A

µµ
FB off peak

0.8 tbc From A
µµ
FB on peak

QED&EW uncert. dominate

R
Z

ω (→10
3
) 20 767 ± 25 0.05 0.05 Ratio of hadrons to leptons

Acceptance for leptons

εS(m2

Z
) (→10

4
) 1 196 ± 30 0.1 1 Combined R

Z

ω , ”
Z

tot, ϑ0

had fit

ϑ0

had (→10
3
) (nb) 41 480.2 ± 32.5 0.03 0.8 Peak hadronic cross section

Luminosity measurement

N!(→10
3
) 2 996.3 ± 7.4 0.09 0.12 Z peak cross sections

Luminosity measurement

Rb (→10
6
) 216 290 ± 660 0.25 0.3 Ratio of bb to hadrons

A
b,0
FB (→10

4
) 992 ± 16 0.04 0.04 b-quark asymmetry at Z pole

From jet charge

Apol,ε
FB (→10

4
) 1 498 ± 49 0.07 0.2 ϖ polarisation asymmetry

ϖ decay physics
ϖ lifetime (fs) 290.3 ± 0.5 0.001 0.005 ISR, ϖ mass
ϖ mass (MeV) 1 776.93 ± 0.09 0.002 0.02 estimator bias, ISR, FSR

ϖ leptonic (µ!µ!∀) BR (%) 17.38 ± 0.04 0.00007 0.003 PID, ϱ0 efficiency

mW (MeV) 80 360.2 ± 9.9 0.18 0.16 From WW threshold scan
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”W (MeV) 2 085 ± 42 0.27 0.2 From WW threshold scan
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εS(m2

W
) (→10

4
) 1 010 ± 270 2 2 Combined R

W

ω , ”
W

tot fit

N! (→10
3
) 2 920 ± 50 0.5 small Ratio of invis. to leptonic

in radiative Z returns

mtop (MeV) 172 570 ± 290 4.2 4.9 From tt threshold scan
QCD uncert. dominate

”top (MeV) 1 420 ± 190 10 6 From tt threshold scan
QCD uncert. dominate

ςtop/ςSM
top 1.2 ± 0.3 0.015 0.015 From tt threshold scan

QCD uncert. dominate

ttZ couplings ± 30% 0.5–1.5 % small From
↑

s = 365 GeV run
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Extreme luminosity on Z pole: 140	$	1034 cm–2s–1 / IP, 205 ab–1 & 6	$	1012 Z (4 IPs) — ultimate EW precision data

5 Summary and Outlook
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Figure 9: Illustration of a top-quark threshold scan at
CLIC, as explained in the text with a total
integrated luminosity of 100 fb→1.

CLIC’s prospects for top-quark physics have been studied
with full detector simulation and are described in detail in [54].

New physics searches CLIC offers a rich potential for ex-
tensive exploration of the terascale in the form of direct and in-
direct searches of BSM effects. Direct searches are often pos-
sible up to the kinematic limit for particles with electroweak-
sized coupling strength and detectable decay products. New
physics effects, for example from scalars in an extended Higgs
sector or from a composite Higgs sector, can be found directly
or, beyond the kinematic reach, through effects of their mix-
ing with known particles measured in Higgs boson production
at CLIC. Long-lived charged particles such as the charged com-
ponent of minimal dark matter multiplets can give rise to disap-
pearing tracks, for which the clean environment and the detector
layout are well suited. The measurement of double Higgs boson
production will constrain models of electroweak baryogenesis.
Other signatures include the measurement of soft decay products
of new particles, e.g. from hidden sectors, which benefits from
triggerless running and the clean environment. Additionally, high statistics of top quarks and Higgs bosons allow the
search for rare decays indicating for example flavour violation effects. Direct and indirect searches for TeV-scale mediat-
ors of neutrino mass generation can provide further insights into the physics of flavour.

The CLIC potential to explore concrete new physics scenarios, which address several of the fundamental open ques-
tions of particle physics, is well documented in the literature. An overview is given in [55].

5. Summary and Outlook

CLIC is a mature proposal for the next generation of high-energy collider. Integrated beam simulations have concluded on
a 50% increase in luminosity with respect to the 2018 design. A significant power reduction has been achieved, enabling
100 Hz operation with a power consumption of 166 MW at 380 GeV. This gives roughly three times higher luminosity-
per-power with respect to 2018. An interaction region with two beam delivery systems hosting two detectors has been
designed, where luminosity can be delivered to each detector. A higher-energy stage, still using the initial single drive-
beam complex, can be optimized for any energy up to 2 TeV. Parameters are worked out in detail for a 1.5 TeV stage, with
a site length of 29 km. The precise energy of the high-energy stage can be decided upon, and most of the tunnel can be
dug and equipped, while running the low-energy stage. The layout of the Injector and Experimental complexes, located
at the CERN Prévessin site, has been optimised to be completely located on CERN territory.

The construction of the first CLIC energy stage could start as early as ↑2034-2035. The preceding preparation phase
is divided into two; in 2026-2028 the main technology R&D will be completed, and the technical design for two IPs
finalised. After a process to validate the progress and promise of the project, site preparation, implementation studies,
industrialisation of key components, and engineering design will start. See Table 9 for a detailed timeline.

CLIC offers the unique combination of high collision energies and the clean environment of e+e→ collisions. This
enables the guaranteed physics programme of SM parameter measurements with unprecedented precision, ranging from
the top-quark mass and other top-quark properties to the Higgs couplings, including the Higgs self-coupling. In addition,
CLIC offers a rich potential for extensive exploration of the terascale in the form of direct and indirect searches of BSM
effects. Direct searches are often possible up to the kinematic limit for particles with electroweak-sized coupling strength
and detectable decay products. Beyond the kinematic reach, new physics effects might be found through effects of their
mixing with known particles.

The physics goals and beam conditions at CLIC are addressed by an optimized CLICdet detector design. Dedicated
studies of innovative detector technologies for CLIC, as well as advancements in technologies available from industry
and developed in synergy with other high-energy physics projects, have enabled significant progress towards reaching the
stringent CLIC detector requirements. Large-scale detector systems currently in construction serve as test-beds for the
CLIC detector concepts.

10

Simulation of tt threshold scan with CLIC [arXiv:2503.24168]
Improvements up to × 2000 over current knowledge

https://arxiv.org/abs/2505.00272
https://arxiv.org/abs/2503.24168
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✅ ✅

✅ ✅

❓ ✅ ✅

✅

✅

✅

✅

✅

Almost all Higgs couplings to SM particles will 
have been measured at HL-LHC & FCC-ee

Can we measure the decay? (recall: Γ4 = 4.1 MeV)

BR 𝐻 → 𝑒7𝑒8 ≃
1
Γ%
-
𝐺9𝑚%𝑚:

;

4𝜋 2
≈ 5.2 - 108<

The entire HL-LHC may produce 2 such events!

At the FCC-ee, BW s-channel resonance:

𝜎 𝑒7𝑒8 → 𝐻 ≃
4𝜋Γ%Γ 𝐻 → 𝑒7𝑒8

𝑠 − 𝑚%
; ; +𝑚%

; Γ%;
=>?3

4 4𝜋
𝑚%
; BR 𝐻 → 𝑒7𝑒8 ≈ 1.6	=b

but ISR and √s spread will lead to smearing of BW peak, so that effective 
cross section is 0.3 fb (remember: LZH = 10.8 ab–1). Can it be done?

Extremely challenging — cornering the electron Yukawa coupling:  𝑔J = ⁄2𝑚J 𝜐 ≈ 2.9 $ 105K
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Can we measure the decay? (recall: Γ4 = 4.1 MeV)

BR 𝐻 → 𝑒7𝑒8 ≃
1
Γ%
-
𝐺9𝑚%𝑚:

;

4𝜋 2
≈ 5.2 - 108<

The entire HL-LHC may produce 2 such events!

At the FCC-ee, BW s-channel resonance:

𝜎 𝑒7𝑒8 → 𝐻 ≃
4𝜋Γ%Γ 𝐻 → 𝑒7𝑒8

𝑠 − 𝑚%
; ; +𝑚%

; Γ%;
=>?3

4 4𝜋
𝑚%
; BR 𝐻 → 𝑒7𝑒8 ≈ 1.6	=b

but ISR and √s spread will lead to smearing of BW peak, so that effective 
cross section is 0.3 fb (remember: LZH = 10.8 ab–1). Can it be done?

• Requires precise knowledge of Higgs mass to few MeV
• Beam must be monochromatized to match narrow Γ% [arXiv: 2411.04210]

D. d’Enterria et al.: Electron Yukawa coupling via s-channel Higgs production at FCC-ee 3
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Fig. 1. Typical diagrams for the direct Higgs channel production (left) decaying into electroweak bosons (top) and fermions or
gluons (bottom), and associated backgrounds (center), considered in this work. Right: Resonant Higgs production cross section,
including ISR e↵ects, for several values of the e+e� c.m. energy spread �ps = 0, 4.1, 7, 15, 30, and 100MeV [17].

code at NLO accuracy [31]. The pythia 8 signal cross sections are absolutely normalized to match our benchmark
�ee!H = 0.28 fb value for ISR plus �ps = 4.1-MeV energy spread discussed above (second curve of Fig. 1 right). Higgs
decay modes not listed in Table 1 are either completely swamped by background (e.g. H ! ZZ⇤

! 4j) or have too low
B’s (e.g. H ! ZZ⇤

! 4`) and thereby have zero expected counts for any realistic integrated luminosity. The generator-
level background cross sections in Table 1 are indicatively quoted without ISR to avoid artificial enhancements of
their values due to radiative-returns to the Z pole, which can be easily removed experimentally (e.g. tagging the ISR
photon and/or imposing requirements on the total energy of the event). The last column lists the indicative signal-
over-background (S/B) expected for the dominant (irreducible) background of each channel, at the generator level
without any analysis cuts. Three broad categories can be identified:

i) Final states with pairs of jets or tau leptons, with very large backgrounds leading to S/B ⇡ 10�7–10�5, except
for the H ! gg case for which no actual physical background exists (Z⇤, �⇤ do not couple to gluons), but for an
experimental misidentification probability of light-quarks for gluons that we take as 1% (Table 2);
ii) Final states from intermediate WW⇤ decays, with S/B ⇡ 10�3;
iii) Final states from intermediate ZZ⇤ decays with S/B ⇡ 10�2, but very small signal cross sections.

In addition, the last row of the table lists the Higgs diphoton decay mode (discovery channel at the LHC) that
su↵ers from both, a tiny signal cross section and 8 orders-of-magnitude larger backgrounds. A swift analysis of this
table allows one to identify two channels with some potentiality in terms of statistical significances, H ! gg and
H ! WW⇤

! `⌫ 2j, which both feature ⇠25-ab cross sections and S/B ⇡ 10�3.

Table 1. Cross sections (including ISR and �ps = 4.1MeV) times branching fractions (B) for 11 final states in e+e� ! H(XX)

signal processes and associated dominant e+e� ! XX backgrounds (without ISR), and ratio of signal-over-background for each
channel before any analysis cuts (the digluon S/B quoted assumes a light-q ! g mistagging rate of 1%).

Higgs decay channel B � ⇥ B Irreducible background � S/B

e+e� ! H ! bb 58.2% 164 ab e+e� ! bb 19 pb O(10�5)
e+e� ! H ! gg 8.2% 23 ab e+e� ! qq 61 pb O(10�3)
e+e� ! H ! ⌧⌧ 6.3% 18 ab e+e� ! ⌧⌧ 10 pb O(10�6)
e+e� ! H ! cc 2.9% 8.2 ab e+e� ! cc 22 pb O(10�7)

e+e� ! H ! WW⇤
! `⌫ 2j 21.4%⇥67.6%⇥32.4%⇥2 26.5 ab e+e� ! WW⇤

! `⌫ 2j 23 fb O(10�3)
e+e� ! H ! WW⇤

! 2` 2⌫ 21.4%⇥32.4%⇥32.4% 6.4 ab e+e� ! WW⇤
! 2` 2⌫ 5.6 fb O(10�3)

e+e� ! H ! WW⇤
! 4j 21.4%⇥67.6%⇥67.6% 27.6 ab e+e� ! WW⇤

! 4j 24 fb O(10�3)

e+e� ! H ! ZZ⇤
! 2j 2⌫ 2.6%⇥70%⇥20%⇥2 2 ab e+e� ! ZZ⇤

! 2j 2⌫ 273 ab O(10�2)
e+e� ! H ! ZZ⇤

! 2` 2j 2.6%⇥70%⇥10%⇥2 1 ab e+e� ! ZZ⇤
! 2` 2j 136 ab O(10�2)

e+e� ! H ! ZZ⇤
! 2` 2⌫ 2.6%⇥20%⇥10%⇥2 0.3 ab e+e� ! ZZ⇤

! 2` 2⌫ 39 ab O(10�2)

e+e� ! H ! � � 0.23% 0.65 ab e+e� ! � � 79 pb O(10�8)

It is worth noting that the background cross sections computed with pythia 8 for two-particle final states (e+e� !

qq, cc, bb, ⌧⌧, � �) are found consistent with those obtained running alternative calculators, such as MadGraph 5 [32,

arXiv:2107.02686

Possible sensitivity to 𝑔, of ~0.5σ per year and IP 
Correlate energy and transverse position 
so high-energy particles collide with low-
energy ones (opposite beam dispersions 
at IP) — requires dedicated instruments: 
proposed for many e+e– colliders, but 
never implemented

Extremely challenging — cornering the electron Yukawa coupling:  𝑔J = ⁄2𝑚J 𝜐 ≈ 2.9 $ 105K

https://arxiv.org/abs/1711.03978
https://arxiv.org/abs/2107.02686


FCC-ee – the Higgs factory

𝜅*

𝜅(
𝜅(

Higgs self-coupling — no HH production at FCC-ee, sensitivity through H–H–H loops

FCC-ee+hh tightly constrains BSM models 
with 1st order EW phase transition
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NLO vertex corrections to Higgsstrahlung (similar for W-boson fusion)
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Figure 3: Chi-square as a function of ”Ÿ⁄ after profiling over all other EFT parame-
ters. Three run scenario are considered for circular colliders, with 5 ab≠1 at 240 GeV and
{0, 200 fb≠1

, 1.5 ab≠1
} at 350 GeV, without beam polarization. The shaded areas cover dif-

ferent assumptions about the precision of TGC measurements. Left: circular lepton collider
measurements only. Right: combination with di�erential single and double Higgs measurements
at the HL-LHC.

We start our discussion of the fit results by considering the benchmark scenarios for
circular colliders. The profiled �‰

2 fit as a function of ”Ÿ⁄ is shown in the left panel of
Fig. 3. The 68% CL intervals are also reported in Table 1.

The numerical results show that a 240 GeV run alone has a very poor discriminating
power on the Higgs trilinear coupling, so that only an O(few) determination is possible
(brown dashed lines in the plot). The constraint is also highly sensitive to the precision
in the determination of TGCs, as can be inferred from the significantly di�erent bounds
in the conservative and optimistic aTGCs scenarios. The inclusion of measurements at
350 GeV drastically improve the results. An integrated luminosity of 200 fb≠1 at 350 GeV,
is already su�cient to reduce the uncertainty to the level |”Ÿ⁄| . 1, whereas 1.5 ab≠1

leads to a precision |”Ÿ⁄| . 0.5.
It is interesting to compare the above results with the constraints coming from an

exclusive fit in which only corrections to the trilinear Higgs coupling are considered and
all the other parameters are set to zero. With 5 ab≠1 collected at 240/250 GeV, and
irrespectively of the presence of a run at 350 GeV, we find that such a fit gives a precision
of approximately 14% in the determination of ”Ÿ⁄. The strongest constraints come from
the measurement of the e

+
e

≠
æ Zh cross section at the 240 GeV run, which is the

observable with the largest sensitivity to ”Ÿ⁄ (see discussion in Section 2.2 and left panel
of Fig. 2). Other processes at the 240 GeV run and the higher-energy runs have only a
marginal impact on the exclusive fit.

The exclusive fit provides a bound much stronger than the global analyses, signaling
the presence of a nearly flat direction in the global fits. We found that ”Ÿ⁄ has a strong

10

arXiv:1711.03978

Measuring σ(e+e– → ZH) 
and σ(e+e– → 𝜈𝜈H) at 
different √s improves 
precision on 𝜅5 from 30% 
(HL-LHC) to 20% (or 40% 
standalone) in EFT analysis

arXiv:2504.00672

https://arxiv.org/pdf/1711.03978
https://arxiv.org/abs/2504.00672
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Power efficiency: next-generation e+e– collider
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CLIC (2 IPs at 380 GeV, 1 IP at 1.5 TeV)
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European Strategy
for Particle Physics

Fig. 10.1: Integrated luminosity over all experiments per year, per unit of electricity consump-
tion for future e+e→colliders (excluding off-line computing) as reported in Tables 10.1 and 10.2.
For LCs the total luminosity (including that below 99% of the nominal c.o.m. energy) is consid-
ered. LEP and LEP2 data are derived from Refs. [821,887,888] (Courtesy N. Mounet - CERN).

trivial and needs to be addressed by simulations. The SRF technology underlying the ILC and
LCF proposals benefits from the R&D, production and operational experience at EU-XFEL and
LCLS–II built upon the TESLA study at DESY. The high gradient X-band NC RF structures
required for CLIC have been tested successfully at CTF3 and are being used in a number of
smaller scale accelerators. CTF3 has also served as a proof-of-principle of TBA though the
efficiency of this process has been validated partly and over a significantly smaller scale as
compared to that of CLIC.

The LHeC performance critically relies on an ERL, operated in multi-turn mode and
at unprecedented beam power, whose feasibility needs to be validated with a demonstrator
(PERLE) under construction and expected to deliver the first results in the early 2030s. The
beam-dynamics of LHeC is challenging and the impact of beam disruption after collision on the
efficiency of the energy recovery remains a critical aspect that will be possible to address only
with simulations. The development of the SRF technology underpinning ERLs is synergetic
with the SRF developments for FCC-ee and LEP3.

The design of the next generation high energy hadron colliders lies on the solid foundation
of the LHC and HL-LHC designs, construction and operational experience, however, it faces
significant technological challenges, namely HFMs, cryogenics, vacuum and machine protec-
tion. The FCC-hh technical timeline is largely determined by progress on the development and
industrialization of the arc dipole magnets. The baseline Nb3Sn magnet production could be
ready to start around 2045 and could take roughly 8 years while, with current knowledge, the
timeline for HTS magnets is around 5 to 15 years longer, conditional to the successful demon-
stration of the feasibility of an accelerator-class FCC-hh short HTS dipole. A decision point
on the conductor technology is expected by 2035 at the earliest. This timeline is ambitious and
subject to significant uncertainties, given the low TRL of HTS technology for accelerator-class
magnets.

176

Figure reference

FCC-ee vs LEP: larger bending radius, more efficient superconducting RF, improved beam optics (higher beam-
beam performance limits), ultra-low emittance magnet lattices, crab waist scheme, continuous top-up injection via 
booster (always near optimal luminosity), power-optimised from the start

FCC-ee delivers 104 – 105 ×
luminosity / electrical power 
of LEP

https://indico.cern.ch/event/1439855/contributions/6542430/attachments/3076609/5444588/Future_Colliders_Comparative_Evaluation_WG_report.pdf
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Project Construction 
start

First 
beams

Peak lumi at 
Z per IP 

[1034 cm–2s–1]

Peak lumi at 
HZ per IP 

[1034 cm–2s–1]

Years of 
operation

Construction 
cost* [BCHF]

Next stage 
collider

Start of 
operation

Total 
construction 
cost* [BCHF]

FCC-ee 2033 2046 144 7.5 14 15.3 FCC-hh 2079 34.7

LEP3 2037 2047 40 1.6 15 4.1 FCC-hh 2074 32.5

LCF 250 →   
 550 GeV 2035 2045 0.28 1.4 – 2.7 19 9.4 + 5.4 = 

14.8
> 1 TeV 
collider? – –

CLIC 380 → 
 1500 GeV 2035 2045 – 1.2380 GeV 20 7.5 + 7.1 = 

14.6
3 TeV 

collider? – –

LHeC 2037 2044 – 2.3 7 2.1 FCC-hh 2064 30.5

*Construction costs include experimentsSimilar start dates 
driven by HL-LHC 
running until 2041

The big picture: next-generation collider projects for CERN
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Intermediate conclusions by ESG
[Link to document]

FCC-ee is technically feasible and would deliver the broadest high-precision particle physics programme. It would also 
pave the way towards a hadron collider reusing the tunnel and much of the infrastructure

LEP3 and LHeC as alternative options with significantly lower construction cost (but no new tunnel for a possible hadron 
collider): not competitive with FCC-ee on breadth of physics programme, not flagship colliders

CLIC and LCF as alternative options: operation at 550 GeV or higher would offer competitive programmes in Higgs and 
top-quark physics, however, overall not competitive with FCC-ee. Both require a new tunnel of about 33 km to reach their 
ultimate energies. Path to 10 TeV pCM requires plasma wakefield acceleration, which is not yet a proven technology

Descoped FCC-ee to reduce cost by 15% (no ttbar run: –1.26 BCHF, drop 2 / 4 experiments: –0.80 BCHF, decrease RF 
power from 50 → 30 MW (–0.35 BCHF) significantly impacts breadth of the physics programme and precision, but still 
stronger than other options. Scenarios would be reversible
[ L(FCC-ee) × 3/5 × 2/4 × 1.2 = L(FCC-ee) × 0.36  →  need to run 2.8 × longer for equivalent physics ]

https://cds.cern.ch/record/2950671
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ESG recommendations
[Link to document, Karl’s talk]
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Ascona Recommendations 

General Recommendations

i. The full exploitation of the physics potential of the LHC and the HL-LHC and the completion of the high-
luminosity upgrade remain the highest priorities of European particle physics. 
Every effort must be made to complete the HL-LHC upgrade within the current schedule.

ii. The unique ecosystem of particle physics research centres and universities in Europe should be further
strengthened in order to address the objectives set out in this Strategy.

iii. The implementation of the Strategy should be pursued in strong collaboration with global partners and   
neighbouring fields.

iv. The relationship between the particle physics community and the European Commission should be further
strengthened, exploring funding opportunities for the realisation of infrastructure projects and R&D
programmes in cooperation with other fields of science and industry.

General Recommendations

https://cds.cern.ch/record/2950671
https://indico.global/event/15407/contributions/142172/attachments/66143/127988/99b05831-6e9c-4f42-9979-69020c137f92.pdf
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ESG recommendations
[Link to document, Karl’s talk]

The next CERN flagship collider project

40K. Jakobs, FP 2026, Hong Kong, 12th January 2026

Ascona Recommendations 

I. The next CERN flagship collider project

i. The electron–positron Future Circular Collider (FCC-ee) is recommended as the preferred option
for the next flagship collider at CERN. 

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

At this stage, without knowing the reasons for which the FCC-ee would not be feasible, 
other alternative options are not ranked.

https://cds.cern.ch/record/2950671
https://indico.global/event/15407/contributions/142172/attachments/66143/127988/99b05831-6e9c-4f42-9979-69020c137f92.pdf
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ESG recommendations
[Link to document, Karl’s talk]

Technology
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Ascona Recommendations (cont.) 

II.  Technology
To ensure that Europe remains at the forefront of technologies for particle physics, R&D in collaboration 
with international partners and industry must continue to be supported with high priority, thereby 
enhancing sustainability and societal impact.

Accelerator Technology: 

i. In order to realise the visionary plan presented, the highest priority must be the development and 
industrialisation of key technologies: advanced superconducting and normal-conducting RF structures, 
efficient RF power sources and accelerator-quality magnets in the 14 - 20 T range, including those based on 
high-temperature superconductors.

ii. Demonstration of high-current multi-turn energy recovery in linacs constitutes an important step towards 
power-efficient lepton accelerators for a broad range of applications and should be pursued.

iii. The longer-term development of advanced technologies, such as high-gradient wakefield acceleration and 
those underpinning bright muon beams, should be supported at an appropriate level. 
Synergies with the US initiative on muon collider R&D should be exploited.

42K. Jakobs, FP 2026, Hong Kong, 12th January 2026

Ascona Recommendations (cont.) 

II.  Technology
To ensure that Europe remains at the forefront of technologies for particle physics, R&D in collaboration 
with international partners and industry must continue to be supported with high priority, thereby 
enhancing sustainability and societal impact.

Accelerator Technology: 

i. In order to realise the visionary plan presented, the highest priority must be the development and 
industrialisation of key technologies: advanced superconducting and normal-conducting RF structures, 
efficient RF power sources and accelerator-quality magnets in the 14 - 20 T range, including those based on 
high-temperature superconductors.

ii. Demonstration of high-current multi-turn energy recovery in linacs constitutes an important step towards 
power-efficient lepton accelerators for a broad range of applications and should be pursued.

iii. The longer-term development of advanced technologies, such as high-gradient wakefield acceleration and 
those underpinning bright muon beams, should be supported at an appropriate level. 
Synergies with the US initiative on muon collider R&D should be exploited.

https://cds.cern.ch/record/2950671
https://indico.global/event/15407/contributions/142172/attachments/66143/127988/99b05831-6e9c-4f42-9979-69020c137f92.pdf
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The European Strategy for Particle Physics: 2026 Update 

• Strategy update process was initiated by the CERN Council in 2024

Motivation:  - Large progress towards future colliders at CERN (FCC feasibility study) 
and beyond

- International landscape of the field (CEPC, ILC, P5 in the US)
- Accomplishments in physics (LHC, HL-LHC and elsewhere)
- Long timescales (community engagement) 

• Aim: develop a visionary and concrete plan that greatly advances human knowledge in fundamental physics 
through the realisation of the next flagship project at CERN. This plan should attract and value international 
collaboration and should allow Europe to continue to play a leading role in the field.

• The Strategy update should include the preferred option for the next collider at CERN and prioritised 
alternative options to be pursued if the chosen preferred plan turns out not to be feasible or competitive. 

• The Strategy update should also indicate areas of priority for exploration complementary to colliders and for 
other experiments to be considered at CERN and at other laboratories in Europe, as well as for participation in 
projects outside Europe.

https://indico.global/event/15407/contributions/142172/attachments/66143/127988/99b05831-6e9c-4f42-9979-69020c137f92.pdf
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Overall summary
[From Karl’s talk]
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Overall Summary 

Physics: from WG2b: sum of precision/BSM  physics 
Phys vs CEPC: competitiveness, assuming CEPC is running 
in parallel
Tech readiness: from WG2a

Construction cost: from proponents + exp. (CERN part) 

Physics: from WG2b: sum of 
precision/BSM physics
Phys vs CEPC: competitiveness, 
assuming CEPC is running in parallel
Tech readiness: from WG2a
Construction cost: from proponents + 
exp. (CERN part)

https://indico.global/event/15407/contributions/142172/attachments/66143/127988/99b05831-6e9c-4f42-9979-69020c137f92.pdf
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LEP3 — a Higgs and EW factory in the LHC tunnel

Backup if (preferred) FCC-ee cannot be realised with long-term goal of an energy-frontier hadron or muon collider: 
similar to FCC-ee with booster and collider rings, 2 beampipes, 50 MW / beam, 2 IPs

Challenges for LEP3 include design of IRs, large E-loss, need 6.0 GV RF power installed in 4 long straight sections (2 booster, 2 collider),   
crab-waist scheme requires large crossing angle and widening tunnel on either side of the experiments from ~4m to 7m diameter along 270 m

Parameter Z WW H (ZH) t ̅t
Inst. luminosity / IP [1034 cm–2s–1] 40 6.2 (160 GeV) 1.6 (230 GeV) –
SR energy loss / turn [GeV] 0.13 1.3 5.4 (~25 GeV)
Integrated luminosity / year / IP [ab–1] 4.8 0.7 0.19 –
Run time [years] 5 4 6 –
Total integrated luminosity [ab–1, 2 IPs] 48 6.0 2.3 –
Total number of events [2 IPs] 1.4	&	1012 0.36	&	108 0.42	&	106 –
Inst. luminosity / IP [1034 cm–2s–1] 144 20 (157, 163 GeV) 7.5 (240 GeV) 1.8 (~350 GeV) 1.4 (365 GeV)

SR energy loss / turn [GeV] 0.036 0.08 1.7 7.8 9.2
Integrated luminosity / year / IP [ab–1] 17 2.4 0.9 0.21 0.17
Run time (including lumi ramp-up) [years] 4 2 3 1 4
Total integrated luminosity [ab–1, 4 IPs] 205 19.2 10.8 0.4 2.7
Total number of events [4 IPs] 6	&	1012 2.4	&	108 2.2	&	106 2	&	106

LE
P3

FC
C-

ee

Total cost 3.7B CHF
ESPPU input: arXiv:2504.00541

Construction:

FCC-ee SR loss reference

Total cost 13.7B + 
1.3Btt CHF

https://arxiv.org/abs/2504.00541
https://proceedings.jacow.org/ipac2022/papers/wepost002.pdf
https://proceedings.jacow.org/ipac2022/papers/wepost002.pdf
https://proceedings.jacow.org/ipac2022/papers/wepost002.pdf
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Linear Collider Facility (LCF) at CERN

Very similar to ILC: baseline is 33.5 km tunnel, SRF cavities with an accelerating gradient of 31.5 MV m−1, √s = 250 GeV 
upgradable to 550 GeV, longitudinal polarisation (± 80/30% for e–/e+, ~20% higher σ(ZH)), 2 IPs (sharing luminosity)

ESPPU input: arXiv:2503.19983

Parameter Z WW H (ZH) above t ̅t

Inst. luminosity / IP [1034 cm–2s–1] 0.28 – 1.4LP / 2.7FP 
(250 GeV) 3.9 (550 GeV)

Integrated luminosity / year / IP [ab–1] 30 – 0.19LP + 0.64FP 2.3
Run time [years] 1 – 5LP + 3FP 10
Total integrated luminosity [ab–1, 2 IPs*] 0.07 – 1.0LP + 1.9FP 8.3
Total number of events [2 IPs*] 0.002	&	1012 – 0.8	&	106 ~ 1.6 (H) / 3.9 (tt)	&	106

Inst. luminosity / IP [1034 cm–2s–1] 144 20 (157, 163 GeV) 7.5 (240 GeV) 1.8 (~350 GeV) 1.4 (365 GeV)

Integrated luminosity / year / IP [ab–1] 17 2.4 0.9 0.21 0.17
Run time (including lumi ramp-up) [years] 4 2 3 1 4
Total integrated luminosity [ab–1, 4 IPs] 205 19.2 10.8 0.4 2.7
Total number of events [4 IPs] 6	&	1012 2.4	&	108 2.2	&	106 2	&	106

LC
F

FC
C

-e
e

Total cost: 
• 8.5B CHF (250 GeV, LP)
• 9.3B CHF (250 GeV, FP)
• 14.8B CHF (550 GeV)

Total cost 15.3B CHF

Construction:

Challenges for for LCF include the positron source, final focus and nano-beam stability (𝜎9∗ ~ 6–8 nm, FCC-ee: 40 nm)

Options to increase energy beyond 550 GeV with development and installation of higher gradient accelerating technologies 
(see here for a discussion of options)

*LCF proposes to share luminosity among two interaction regions, ie, same integrated luminosity as for single IP

https://arxiv.org/abs/2503.19983
https://agenda.infn.it/event/44943/contributions/265338/attachments/137365/206609/jlist_LCVision_Venice_250624.pdf

