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A fter the Large Hadron Collider 
(LHC) shuts down, probably in the 
early 2040s, what comes next?

That question is the focus of Eu-
rope’s particle-physics community as it 
discusses the latest update to the Euro-
pean Strategy for Particle Physics (ESPP). 
The updates, organized by CERN every 
five to seven years, set a shared agenda 
for Europe’s particle physicists. Com-
munity input collected throughout the 
year will be compiled in December by a 

group of stakeholders into a strategy, 
which will then go before the CERN 
Council for a vote in June 2026.

This particular update has high 
stakes: It could lead to CERN pursuing 
a new world-leading particle collider 
with a $10 billion–plus price tag.

Meet the Future Circular Collider
As part of the strategy process, CERN 
solicited proposals from the commu-
nity. It received 263 submissions from 
researchers in more than 40 countries, 
including CERN’s 25 member states. The 
submissions range from the consid-
ered thoughts of individual scientists 
to feasibility studies from collabora-
tions. There are also national submis-
sions, the shared opinions of a given 
country’s physicists.
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Europe’s particle-physics community 
weighs its next collider
Looking to solidify their 
post-LHC plans, CERN and 
its partners are considering 
an ambitious project that 
would stretch to the end of 
the century.

WITH A CIRCUMFERENCE OF NEARLY 91 KILOMETERS, the tunnel for the proposed 
Future Circular Collider (FCC) would be more than three times as long as the current 
tunnel for the Large Hadron Collider (LHC). (Image from CERN.)
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ISSUES & EVENTS

Two of the submissions detail the 
leading contender for Europe’s next col-
lider. First suggested in 2011, the Future 
Circular Collider (FCC) would occupy 
a 91-kilometer loop under France and 
Switzerland and would run in two stages.

The first stage, the FCC-ee, would 
serve as a Higgs factory. The machine 
would produce many Higgs bosons by 
smashing electrons and positrons, which 
are elementary particles and thus would 
produce a clearer signal than do the 
proton collisions of the LHC. A Higgs 
factory has been a goal of the commu-
nity since the previous strategy update 
in 2020 (see Physics Today, September 
2020, page 26). “The consensus that  
the previous strategy came to is, We’ve 
found the Higgs boson, now we need 
to study it,” says Patrick Koppenburg, 
chair of the Advisory Committee of 
CERN Users and a researcher at Nikhef, 
the Dutch National Institute for Sub-
atomic Physics.

The FCC-ee submission to the ESPP 
includes a detailed feasibility study, 
which proposes that the machine begin 
construction in the 2030s, start opera-
tion in the 2040s, and run for 15 years. 
It would run at four energies for the 
detailed study of various particles, with 
the Higgs-focused phase colliding par-
ticles at 240 gigaelectron volts and pro-
ducing around 3 million Higgs bosons. 

Researchers would be able to measure 
properties of the Higgs boson that have 
been predicted but are difficult or im-
possible to observe with the LHC, such 
as its decay into charm quarks, to check 
whether they match the predictions of 
the standard model of particle physics.

The next step, the FCC-hh, would col-
lide protons (a type of hadron, hence the 
double h). Although a proton’s makeup 
in terms of quarks and gluons makes 
its collisions less predictable, its greater 
mass would allow the machine to 
achieve energies of 85–100 teraelectron 
volts, about six or seven times that of 
the LHC. Such a machine could follow 
up on any hints of new physics from 
the FCC-ee and try to directly produce 
particles inferred from indirect effects. 
Using the same FCC-ee tunnel, the 
FCC-hh would begin construction in 
the 2060s, start running in the 2070s, and 
operate until roughly 2100.

Both stages are expected to be ex-
pensive. The FCC-ee is projected to cost 
15 billion Swiss francs (about $18 bil-
lion), of which 6 billion francs covers 
civil engineering, including the tunnel. 
That would require funding beyond 
CERN’s operating budget of around  
1.4 billion Swiss francs per year; CERN 
would have to request funds from mem-
ber countries. Even with the tunnel al-
ready dug, the FCC-hh would cost an-

other 19 billion Swiss francs, mostly for 
the powerful 14 tesla magnets required 
to control its proton beams. Magnets 
that strong have yet to be built, but the 
report discusses several promising path-
ways where, in many cases, the neces-
sary material properties have already 
been demonstrated.

Growing convergence
The FCC-ee isn’t the only Higgs factory 
that CERN could build. A linear collider 
would require less space than the FCC-ee 
and reach higher energies, but it would 
collide fewer particles and thus gather 
less data. One plan builds on older pro-
posals; another, called CLIC, would use 
technology in development to reach high 
energies in a relatively small machine. 
Advocates for a linear collider point to 
greater flexibility, with opportunities to 
upgrade with emerging technologies.

Although a linear collider could be 
cheaper (with estimates around 8 billion 
Swiss francs), both plans have a later up-
grade that brings the total cost to the same 
ballpark as the FCC-ee. With the cost sav-
ings not obvious and the disadvantage in 
data volume, physicists are turning away 
from linear options and toward the FCC. 
“My feeling is that for once, there is con-
vergence,” says Troels Petersen, a member 
of the LHC’s ATLAS collaboration based 
at the University of Copenhagen.

USING THE HIGH-LUMINOSITY LHC TEST STAND, CERN researchers will experiment with magnets and other components that 
should enable a substantial increase in the LHC’s particle collision rate. The High-Luminosity LHC program is scheduled to run from 
2030 to 2041. (Photo by Florence Thompson/CERN.)
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That convergence is clearest in the 
national inputs. Most countries state that 
the FCC is their preferred option, with 
the Swiss particularly insistent that no 
other proposal is comparable. The Dutch 
and Austrians strike a more neutral tone, 
supporting a Higgs factory more broadly 
and emphasizing the importance of 
going ahead with plans to upgrade the 
LHC to collide particles at a higher rate.

A pivotal moment
What nearly everyone agrees on: The 
decision cannot be postponed. If CERN 
does not budget for the project, a new 
machine would not start until long after 
the LHC shuts down.

“If there’s a big gap, we run the risk 
of losing valuable expertise and top tal-
ent to industry,” says Thea Aarrestad, a 
researcher at ETH Zürich and a member 

of the Physics Preparatory Group’s de-
tector instrumentation working group, 
which reviews proposals for particle de-
tector technology for the ESPP.

The urgency doesn’t make the deci-
sion easier. At stake is a commitment 
not only to a Higgs factory but poten-
tially to the FCC-hh as well: The FCC-hh 
may no longer be necessary if the FCC-ee 
shows no signs of new physics or if risk-
ier technologies with higher potential, 
like a muon collider, prove feasible (see 
Physics Today, October 2022, page 22). A 
muon collider would combine the ad-
vantages of the FCC stages with signals 
as clear as electrons’ at energies more 
comparable to protons, but the muon’s 
short lifetime presents a major challenge 
for building and running such a ma-
chine. Meanwhile, a competing Chinese 
Higgs factory could be ready a decade 

before the FCC-ee, potentially making 
both stages superfluous (see “China 
plans a Higgs factory,” Physics Today 
online, 17 December 2018). “If you go for 
the FCC program, you’re betting on what 
kind of physics you want to do in 2070,” 
Nikhef’s Koppenburg says.

If funding doesn’t materialize, CERN 
has backup proposals that involve re-
using the 27-kilometer LHC tunnel for 
less ambitious projects than the FCC or a 
linear collider. But in a way, ambition is 
the point. While trying to understand the 
universe, CERN pushes the limits of tech-
nologies like magnets and high-speed data 
processing. “In a technologically competi-
tive environment, which other research 
field would you say that Europeans dom-
inate alone?” says ATLAS’s Petersen. “Are 
we going to give that up so easily?”

Matt von Hippel

X iaoxing Xi and his wife, Qi Li, were 
part of a growing wave in the 1980s 
and 1990s of scientists moving from 

China to the US at a time when US fund-
ing, facilities, and research were consid-
ered the best in the world. They had 
earned their PhDs in experimental con-
densed-matter physics at Peking Univer-
sity. From there, they went to Karlsruhe, 
Germany, for a couple of years before 
moving to the US in 1989.

Xi and Li eventually became profes-
sors at the Pennsylvania State Univer-
sity and naturalized US citizens. In 
2009, Xi joined the physics faculty at 
Temple University, where he still is. 
His research was thriving until the 
early hours of 21 May 2015, when he 
was wakened by pounding on his front 
door. Agents from the Federal Bureau 

The physicist now advocates 
for other Chinese-born 
scientists in the US suspected 
of spying for China.

Q&A: Xiaoxing Xi on 
the wrongful arrest 
that upended his 
research and his life
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XIAOXING XI (Photo by Joyce Xi.)


