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Disclaimer
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• By construction, this talk is not free from bias - my own views and interpretations - also with the 
intent to trigger discussion!
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The Physics Program of a Higgs-Top-Electroweak Factory

3

as I have often framed it.

The Higgs Boson

model-independent study 
of all accessible couplings

A program of precision and discovery
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to push the SM to (hopefully 
beyond) its breaking point

Flavour Physics

use extremely large data sets to 
explore, resolve and understand 
the puzzles in the flavour sector

New Particles

searches for weakly 
coupled new particles 
with high luminosity / high 
energy in a clean 
environment

The Top Quark

a precise measurement of 
its properties.  
A possible window to new 
physics due to its high 
mass!
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What we set out to do: Sharpening the Physics Case
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My Summary Slide from 2 Years ago

Ideas:

Possible signatures

Realism:

Measurement possibilities,

Performance requirements

Consequences:

Scientific potential

Running scenarios

Implementation:

Detector concepts

R&D needs

Physics Performance

Physics 
Program

Detector 
Concepts

Software
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Where we are today: The Physics Program of FCC-ee

• The physics case has evolved substantially. Emphasis of the high-luminosity Z-pole program has increased 
- and the potential of this program is now much better understood. 
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After years of effort within the Feasibility Study

FCC-ee is not just a Higgs Factory - really a Higgs-Electroweak-Top Factory in the literal sense.  

This changes my picture: From Higgs-centric to two / three main pillars.
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How I see it today
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How I see it today

Electroweak Pillar

Electroweak Precision & Discovery
Precision measurements as a probe 
of New Physics at high scales.

Flavour Physics
The next generation Flavour Factory: 
Solving flavour puzzles with extreme 
statistics (10x Belle II).

Direct Searches
Weakly coupled lighter BSM 
particles with high statistics.
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The combination of all three pillars provides compelling discovery 
potential - and you need all three to cover the broadest possible range.
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None of this is new: Physics Thrusts mapped to Energy
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Flashback to WS 2 Years ago

Christophe Grojean
Krakow, 02/2022
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Seen through Integrated Luminosity & Running Time

Z
W
H
t

Integrated luminosity
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Seen through Integrated Luminosity & Running Time

Z
W
H
t

Integrated luminosity Running time:

35% of running time for 
electroweak & flavour

21% of running time for 
Higgs precision in ZH

36% of running time for 
Top (+ Higgs)
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The Physics Program of FCC-ee

• The physics program is not static: Can react to developments - both on physics and on technology - in 
different ways: A highly flexible facility.
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Flexibility & Opportunities

Christophe Grojean, Monday
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Are we there yet?
Frank Zimmermann, Monday, citing Fabiola Gianotti

[…]
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Convincing the Community
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Are we there yet?
Frank Zimmermann, Monday, citing Fabiola Gianotti

The physics arguments in combination with the conclusion are not yet fully accepted in all parts of the community:
Make the case clearer, not just to the outside, but also to our peers!

[…]
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Evolution of our View of FCC Physics
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Very few selected impressions from the Workshop

mailto:frank.simon@kit.edu


Physics Program - Grand Vision — FCC Physics Workshop January 2024 Frank Simon (frank.simon@kit.edu)

Bringing the Power of Tera-Z into Focus

• The Tera-Z program is not “just” the LEP program with higher statistics - today we also have more 
interpretation approaches [also applied to LEP measurements…]  
… and a very interesting set of experimental challenges!

12

Discovery Potential at High Scales
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Discovery Potential at High Scales

Sophie Renner, Tuesday
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Discovery Potential at High Scales

Sophie Renner, Tuesday

Ben Stephanek, Tuesday
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Bringing the Power of Tera-Z into Focus
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Discovery Potential at High Scales

Sophie Renner, Tuesday

Ben Stephanek, Tuesday

Tera-Z as a Discovery Tool: 
Discovering (or excluding) new 
physics up to scales of 50 TeV 
- with very high coverage.
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Revisiting the Higgs Program 

• Seen a revival of concrete studies.

14

Bringing more Realism to the Projections

Nicolas Morange, Thursday
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Revisiting the Higgs Program 

• Seen a revival of concrete studies.

14

Bringing more Realism to the Projections

Nicolas Morange, Thursday

~ 24% with 4 IPs (combining 240 
GeV and 365 GeV measurements

Getting a first (indirect) 
measurement of κλ

Jan Eysermans, Thursday
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Connecting to Big Questions

• Looking beyond particle physics: 
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FCC-ee Discovery Stories in a bigger Context

With new instruments available on / before the time scale of FCC-ee, 
gravitational wave physics will also enter a new era

Germano Nardini, Tuesday

Comprehensive exploration of astrophysical objects,
potential to discover (or bound) 
Stochastic Gravitational Wave Background
=> Links to BSM models - possible interplay with 
FCC-ee observables.

…
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Questions of Naturalness, electroweak phase transition in the early 
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Oleksii Matsedonskyi, Tuesday
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Connecting to Big Questions

• Looking beyond particle physics: 

15

FCC-ee Discovery Stories in a bigger Context

With new instruments available on / before the time scale of FCC-ee, 
gravitational wave physics will also enter a new era

Germano Nardini, Tuesday

Comprehensive exploration of astrophysical objects,
potential to discover (or bound) 
Stochastic Gravitational Wave Background
=> Links to BSM models - possible interplay with 
FCC-ee observables.

• Putting FCC-ee measurements in bigger contexts:  
Questions of Naturalness, electroweak phase transition in the early 
Universe, ….

Oleksii Matsedonskyi, Tuesday

Ennio Salvioni, Thursday
Giacomo Cacciapaglia , Thursday

Gauthier Durieux, Tuesday

…Opportunities to tie this together into a global picture, 
and to further understand the role all FCC-ee measurements can play in this!

mailto:frank.simon@kit.edu


Physics Program - Grand Vision — FCC Physics Workshop January 2024 Frank Simon (frank.simon@kit.edu)

Moving forward with the Physics Program of FCC-hh

• FCC-hh: Completing the Higgs program. A precise measurement of κλ

16

Understanding the role of energy

=> more is better - but 
below 5% achievable 
with the right detector 
performance!

Michelangelo Mangano, Thursday
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Wrapping Up

• The understanding of the Physics Program at FCC has made significant progress since the start of the FS.

17

My Impressions

Have built a compelling scientific case for all energy stages of FCC-ee:
FCC-ee now strongly stands on its own as a facility worth building.
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Have built a compelling scientific case for all energy stages of FCC-ee:
FCC-ee now strongly stands on its own as a facility worth building.

• We still have to do better in reaching out outside of our own bubble: Make the discovery potential of all 
FCC-ee stages, in particular that of the Z-pole, easily accessible to the community. 

Tell discovery stories that are not lost in technical, theoretical detail. 
Connected to interesting analysis and detector challenges. 
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My Impressions

Have built a compelling scientific case for all energy stages of FCC-ee:
FCC-ee now strongly stands on its own as a facility worth building.

• We still have to do better in reaching out outside of our own bubble: Make the discovery potential of all 
FCC-ee stages, in particular that of the Z-pole, easily accessible to the community. 

Tell discovery stories that are not lost in technical, theoretical detail. 
Connected to interesting analysis and detector challenges. 

Now we have to make it happen: 
FCC-ee as the right next machine - with a broad, and flexible program of precision and discovery 
that fully stands on its own. 
And opens up a path to the next energy frontier - scientifically, and through reusable infrastructure. 

We need the whole community to do it!
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