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The Higgs boson, discovered in 2012 by the ATLAS and 
CMS experiments at CERN’s Large Hadron Collider, is a 
cornerstone of the Standard Model (SM). Despite the com-
pletion of its particle contents by the Higgs boson discovery, 
the Standard Model does not account for a large amount of 
experimental evidence, such as the nature of dark matter, 
the origin of the matter–antimatter asymmetry in the Uni-
verse, and the existence and hierarchy of neutrino masses. 
Measuring the properties of the Higgs boson and studying 
its interaction with the other particles of the SM and with it-
self, poses a key experimental challenge for the 21st century.

Addressing these questions calls for a new generation of 
more powerful and efficient particle colliders like those en-
visioned by the Future Circular Collider (FCC) study. The 
2020 Update of the European Strategy for Particle Physics 
1, a bottom-up approach, concluded that "Europe, together 
with its international partners, should investigate the tech-
nical and financial feasibility of a future hadron collider at 
CERN with a centre-of-mass energy of at least 100 TeV and 
with an electron-positron Higgs and electroweak factory as 
a possible first stage. Such a feasibility study of the colliders 
and related infrastructure should be established as a global 
endeavour and be completed on the timescale of the next 
Strategy update”. An electron-positron collider, as a possi-
ble first step in the “FCC integrated programme” (see Figure 
1), followed by a 100 TeV high-energy proton collider (FCC-
hh), housed in the same tunnel and profiting from the com-
mon infrastructure, complies with this guideline.

Indeed, inspired by the successful history of LEP and the 
LHC, the FCC integrated programme offers a comprehen-
sive long-term research programme that maximises the 
physics opportunities through synergies and complementa-
rity with other projects. The initial luminosity-frontier high-
est-energy electron–positron collider (FCC-ee) would collide 
particles at centre-of-mass energies ranging from 91 GeV 

1  https://home.cern/news/news/physics/particle-physicists-update-
strategy-future-field-europe

to 365 GeV. These energies allow studying the W and Z 
bosons, Higgs boson and top quarks with unprecedented 
precision, testing the consistency of the SM. A lepton collid-
er would also work as a Higgs factory, producing billions of 
Higgs bosons and allowing the detailed investigation of their 
coupling and interactions along with sensitive searches for 
signs of new physics.

The largest part of the FCC-ee infrastructure could be re-
used for FCC-hh, providing proton–proton collisions at a 
center-of-mass energy of 100 TeV. The FCC-hh will use the 
“FCC-ee standard candles” to further improve the statistics 
accuracy while it could produce particles with much higher 
mass (up to 40 TeV) far beyond the energy limits of the LHC. 
In addition, FCC-hh offers the unique opportunity to meas-
ure the Higgs self-coupling with a precision of less than 5% 
and explores the dynamics of electroweak symmetry break-
ing and its role in the evolution of our Universe. Furthermore, 
thermal dark matter candidates would either be discovered 
or conclusively ruled out by FCC-hh. Other opportunities at 
the new infrastructure include heavy-ion and electron–pro-
ton collisions (FCC-eh) adding to the breadth of the overall 
FCC physics program.

The construction of any future collider represents a substan-
tial investment. It should be an integral part of a long-term 
vision of high-energy physics, maximising the total physics 
output and providing a diverse physics programme, while 
minimising overall cost. The FCC integrated plan, extending 

over 70 years in time 
as illustrated in Fig. 
2, was developed 
to fulfil all the afore-
mentioned goals 
and serve the parti-
cle physics commu-
nity through the end 
of the twenty-first 
century.

Despite its long ho-
rizon up to the end 
of the 21st century, 
the timescales for 
the realization of 
the FCCs are rath-
er tight, calling for a 
global coordinated 
R&D effort in a num-
ber of fields beyond 

physics. A post-LHC collider should be operational around 
2040’s, ensuring a smooth continuation after the LHC/HL-
LHC programme. Consequently the construction to host 
these new colliders should start in the early 2030's with the 
first physics run taking place in the 2040’s, after the end of 
the HL/LHC’s lifetime.

Towards this goal, and in line with the 2020 EPPS rec-
ommendations, the FCC feasibility study was launched in 
2021. It focuses on the regional implementation scenario in 

Figure 1: The FCC integrated program
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accordance with CERN’s Host States, the optimization of 
the machine parameters including the advancement of vital 
technologies to improve its performance and the develop-
ment of a global collaboration - including the future users 
of this facility - with the support of the SWISS CHART and 
the EC H2020 FCCIS design study. In parallel, Europe has 
launched a high-field magnet R&D programme to pave the 
way for an energy-frontier collider (FCC-hh).

As mentioned, placement studies for the new tunnel and 
surface infrastructure and the development of concepts for 
the environmental evaluation are two of the key focus areas 
of the FCC feasibility study. The placement process is driven 
by an iterative multi-criteria optimization based on the prin-
ciple of “Éviter-réduire-compenser” (Avoid-Reduce-Com-
pensate). This is a delicate task, balancing geological and 
territorial constraints with the machine requirements and 
without sacrificing the top physics performance required by 
these machines. Preliminary results have revealed that the 
most suitable scenarios for the new ring are based on a 
91 km circumference tunnel with 8 surface sites while other 
options are still being considered. Vital in the layout design 
are the ongoing geodetic measurements in the region, of-
fering data that will allow the high-precision alignment of the 
accelerator’s components. Further advancement would also 
require subsurface investigations of high-risk areas, surface 
site initial state analysis and public consultation with the lo-
cal population. On the civil-engineering front, a 3D geologi-
cal model for the Geneva basin has been developed along 
with Swiss and Austrian academic and industrial partners. 
Finally, the feasibility study should cover the development of 
a management plan for the ~9 million cubic metres of exca-
vated materials, mainly Molasse, expected from the civil en-
gineering work. To identify novel solutions and engage new 
partners, the international competition “Mining the Future” 
was launched in May 2021 to solicit input for technically, 
commercially and societally valid reuse approaches.

Building and operating a new infrastructure in a sustain-
able way poses a number of technological challenges for 
machine design. Particle beams in circular accelerators 
experience energy loss from synchrotron radiation, but this 
is reduced for larger circumferences. The lower loss in the 
100-km ring coupled with the compensation provided by the 
radiofrequency (RF) cavities and technological solutions, 
including a top-up injection scheme and the optics design, 

would enable the FCC-ee 
to attain substantially more 
luminosity than any oth-
er proposed machine for 
center of mass collision en-
ergies of up to 400 GeV. At 
the heart of the FCC-ee lies 
an efficient superconduct-
ing (SC) radiofrequency 
(RF) system compensating 
for the 100 MW synchro-
tron radiation power losses 
in all modes of operation 
from 90 GeV up to 365 
GeV. The major R&D top-
ics include high-efficiency 
RF power production, SC 
cavity production, vacuum 

system components, beam instrumentation, new materials 
for beam collimation and dump systems. For the FCC-hh 
hadron collider, the key technology is high field O(16T) SC 
magnets with associated R&D lines in superconducting ma-
terials, both low- and high-temperature superconductors, 
and magnet design. A novel production method for super-
conducting could find applications in other accelerators be-
yond particle physics, as it optimizes the surface areas and 
thus simplifies the coating process and reduces the risk of 
slips that could reduce the cavity performance.

The results from the feasibility study will culminate in a fea-
sibility report that should be ready by 2025/26 in time for 
the next update of the European Strategy. FCC-ee strives 
for developing innovative approaches in tackling some of 
the present challenges. However, it also gains confidence 
from the fact that the key ‘ingredients’ of the FCC-ee ac-
celerator have already been demonstrated at one or sev-
eral previous colliders or test facilities around the globe. A 
recent milestone, also demonstrating the collaborative na-
ture of high-energy physics, has been the demonstration of 
some of the FCC-ee key concepts at the SuperKEKB col-
lider in Japan. Specifically, a new world record luminosity 
of 3.12 × 1034 cm-2 s-1 was obtained earlier this June and a 
focusing world record b

c
* = 0.8 mm was achieved in both 

rings.

The commitment and enthusiasm of the FCC community is 
indispensable for the success of the project along with a 
world-wide consortium of scientific contributors committed 
to the development and preparation of the FCC-ee science 
project from 2020 onwards. The realisation of the FCC relies 
on strong global participation and we welcome contributors 
in all areas of the study. If approved, the FCC will push the 
intensity and energy frontiers of particle accelerators and 
set the stage for the future of particle physics. Over the next 
five years, key events shaping the future of particle physics 
will unfold. Results from the next run of the Large Hadron 
Collider (LHC), and from other particle and astroparticle 
physics projects around the world will shape the future re-
search agenda. These, along with the results of the ongo-
ing R&D efforts on various domains and the completion of 
the feasibility study for a new research infrastructure at the 
heart of Europe will help us to chart the future scientific road 
map for the field of High Energy and Particle Physics.

Figure 2: Overall time schedule for the FCC integrated program


