Challenging perceptions...
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The FCC is an engine of knowledge and innovation for the 215 century with a positive benefit-cost ratio

800,000
Person-years of
employment created

€4 B
Local economic
impact

CERN’s ambitious

science goals require
breakthrough
technologies that
bring considerable
potential for wider
society

At any moment in

‘ time, CERN is training

some 4500 young
people, most of whom
subsequently find jobs
outside particle
physics

These range from
superconducting
materials for fusion
and aerospace to
advanced accelerator
and detector
technologies for
medical applications

The FCC will provide

society with a stream
of talents in science,
technology,
engineering and
mathematics
throughout the 215t
century

Each year CERN

spends ~500 M CHF in

mostly high-tech
supply and service

contracts with firms in

its member states

Socio-economic
impact assessments
estimate that the FCC
would yield a positive

benefit-cost ratio
even under the most
stringent conditions.

€7.07tn

Generated by physics-
based activities

in Europe in 2022

20.13m

People employed in
physics-based sector
in Europe

Now is the time to forge a brilliant future for science and technology with a global project in the heart of Europe
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A MODEL FOR SUSTAINABLE SCIENCE T 0w
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~ CERN has made a commitment that any

new project at the Laboratory would be an
exemplar of a sustainable research
infrastructure, integrating eco-design
principles into every phase of the project to
keep its environmental footprint low while

& boosting new technologies to benefit
: ~ society and developing territorial synergies
) such as energy reuse.

The majority of the CHF 15 B investment in the FCC tunnel and first stage (distributed over ~12 years) would

come from CERN’s current annual budget.

In real terms the FCC would cost approximately the same as the LHC —roughly equating to the price of

a cappuccino per Member State citizen per year.

Despite being much larger than the LHC it will also require similar amounts of electricity and generate

significantly more data per unit of energy consumed.



What are space and time? What is nothingness made of?
How did our vast universe begin, and what is its fate?

The discovery of the Higgs boson marked a milestone in
our knowledge of nature’s fundamental constituents

But we are missing something much bigger in our
understanding of the universe

Sell the sequel:

The LHC cemented 20" century understanding in
fundamental physics



A SCIENTIFIC MISSION
FORTHE 21ST CENTURY

The tunnel for the FCC would successively house two machines that offer
the broadest possible exploratory programme.

A scalpel-like electron-positron “Higgs factory” collider enabling
extraordinarily precise measurements of known particles will
reveal any cracks in our current understanding and offer a
glimpse at a deeper structure underlying the universe

An energy-frontier proton-proton collider at least eight times more
powerful than the Large Hadron Collider will significantly extend the

potential for discovery by allowing physicists to explore this
uncharted territory directly
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e The discovery of the Higgs

boson at the Large Hadron
Colliderin 2012 completed
the long-predicted particle
inventory of the Standard
Model —the most accurate
mathematical description of
nature ever built.

The Higgs boson is pivotal for
our existence: it enabled
ordinary elementary particles,
such as electrons, to gain
mass a fraction of a
nanosecond after the Big
Bang, allowing atoms and thus
stars and planets and,
eventually, life to form.

As the simplest yet most
perplexing particle ever
discovered, the Higgs boson is
also potentially connected to
some of the biggest open
questions.

WHAT WE DON'T KNOW KNOW

e For starters, 95% of the

universe! The Standard Model
cannot account for the “dark”
matter and energy that drive
the motion of galaxies and the
expansion of space-time.

It also cannot explain how
matter emerged intact after
the Big Bang, or why
elementary particles are
neatly arranged in three neat
sets or two, and it is silent
about the most familiar force
of nature: gravity.

These and other mysteries
show that humanity is missing
something big in its
understanding of the laws of
nature and point to the need
for a new, revolutionary
paradigm in fundamental
physics.

WHAT A NEW COLLIDER MIGHT TELL US

e The Future Circular Collider

will be the most extraordinary
instrument ever built to study
the fundamental laws of
nature at the shortest
distances.

It will nail down the
characteristics of the Higgs
boson to understand its role in
the birth and the fate of the
Universe, and its possible
connections to dark sectors of
nature.

It will address the imbalance
between matter and
antimatter in the universe and
other deep questions that
connect the sub-microscopic
world to the largest scales.

It will explore new unknown
realms corresponding to the
first instants after the Big
Bang.




Why are atoms so small?

Why do elementary particles
come in three neat sets of two?

Why didn’t matter disappear
after the Big Bang?

What is dark matter?

Is the Higgs boson
alone/elementary?

Did the early universe boil?

Could our universe transition
into a new state?

Does gravity have a quantum
nature?



The Higgs Enigma

A world without the Higgs boson would be very strange.
This fragment of nothingness enabled elementary particles
such as electrons to gain mass immediately after the
Big Bang, allowing atoms to form. It govemns the
slabiity of the Universe. R could shed light on the
“dark”™ matter and energy that makes up 95% of
everything we know, it could even explain why
matter exdets at all.

Yet, ke early astronomers’ first images of
other planets and gakvdes, our current picture
of the Higgs boson Is fuzzy to say the least. We
do not even know if it is truly elementary or if it
has inner structure. To unvell this fundamental layer
of the Universe at the quantum level, a more powerful
microscope Is required,

The Universe under
a microscope

Astronomers uss powerful telescopes
10 study the Universe at the largest
scales. Particle physicists use
colliders to intarrogate nature at the
smallest scales, by replicating the
conditions that existed shortly after
the big bang. Both endeavours are
Inexdricably linked and are working
in ever closer concert thanks to
recent discoveries and technological
Innovations.

At first sight, the Universe appears
messy and complex. Look deep
enough, however, and everything
we see Is govemed by a hanaful
of seemingly indhvisible particles
obeying strict mathematical laws.
In 2012, researchers at CERN's
Large Hacdron Collider discovered
the simplest yet most perplaxing
plece of this existential puzzie: the
Higgs boson.

o The Big Bang:

The beginning of the Universe
b.
The Higgs fiekd switches on, ghing
elomentary particles mass

c. The Universe is
filed with a hot, dense soup of
slementary particles

d. Hydrogen and

helium nucied form

e. Hydrogen and
helum atoms form and the Unhverse
becomes transparent

f. The first stars in the
Universe start to shine

9. Qur solar system
forms from the remnants of eploding
stars

h. You are hera, cna
small planet that is 4570 millon years okd

Measurements of the Higgs boson = laboratory probe
of what happened 10'° s after the Big Bang

Take tips from astronomy

FCC = guaranteed deliverables + exploration potential
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Discovery through precision

Besides direct searches for elusive phenomena, FCC-ee
will map the subatomic world like never before



Discovery through exploration

Besides precise measurements of the Higgs boson, FCC-hh
will voyage into unknown realms of matter, space and time




We are not selling a collider.

We are selling “fascination”, “wonder?”, “curiosity”, “awe”, “genius”, “truth”,
“future”, “hope”, ...



We’ve made bigger leaps ..

August 1964
Mervyn Hine, directorate for applied physics:

“The scientific case for Europe's continuing
forcefully in high-energy physics is overwhelming;
the equipment needed is technically feasible;

the scientific manpower needed will be available;
the money is trivial.

»




