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Zooming in on the Higgs
Fourteen years since

a landmark discovery in 
Particle Physics:  Discovery 

of the Higgs Boson.
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A History of German Theory Leadership

Higgs
• Era-defining publications on Higgs phenomenology at the LHC.
• Early and continued stewardship of experimental program, e.g. 

through LHC Higgs Cross Section Working Group.

Precision EW
• Key calculations to enable the LEP precision program.
• Leading role in interpretation of precision measurements to 

explore physics beyond the Standard Model.

Flavour
• A legacy of critical contributions in precision calculations and in 

defining the flavour programme at LHC and dedicated flavour 
experiments.

Also leading roles in other fields, such as lattice, astroparticle, etc.
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Precision EW
• Key calculations to enable the LEP precision program.
• Leading role in interpretation of precision measurements to 

explore physics beyond the Standard Model.

Flavour
• A legacy of critical contributions in precision calculations and in 

defining the flavour programme at LHC and dedicated flavour 
experiments.

Also leading roles in other fields, such as lattice, astroparticle, etc.

These fields are core components of the 

FCC-ee physics programme.  German 

theory community is best placed to carry 

the legacy of successes from LEP and 

LHC era into the future!



The World as We’ve Known It

Wikipedia
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The World as We’ve Known It

Plus photon, electron, muon etc…

PDG
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The World as We’ve Known It

Symmetry
Magazine
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Our World as We’ve Known It
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The Lessons We’ve Learned

?

Interaction Strength

Sc
al

e

Calculability

Calculability

Calculability

10-10 m

10-15 m

10-17 m

10-19 m

9



Next Steps

European Strategy 
process recently 
concluded.

Future Circular Collider 
(FCC-ee) emerged as 
preferred option for 
next flagship collider.
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Next Steps

2026-2028 Reference Design Phase
2029-2032 Technical Design Phase



FCC Structure
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Higgs Factory Basics

Luminosity determines
The number of collisions
observed at a given 
energy.

A lot of flexibility with 
running schedule. 

2505.0027214



Zooming in on the Higgs
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The Higgs boson has a size/wavelength.  What’s 
inside?

Precision 
measurements are 
different ways of 
probing the 
“compositeness” of 
the Higgs Boson.

Is the Higgs Fundamental?
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Composite Higgs
Compositeness is encoded by periodic coupling functions, where “f” is the 
compositeness scale.  This leads to coupling deviations scaling as

The better we 
measure Higgs 
couplings, the
better we probe
compositeness.

2505.00272



Where do matter mass patterns 
come from?

Clearly something going on here…  Present state 
of affairs à la Periodic Table, if we’re being 

honest with ourselves…
Figures borrowed from A. Greljo.

Mass
in GeV
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6000000000000 Clean Z-Bosons

Incredible flavour factory! 

Taken from 
2511.0388319
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Future Precision and the Future

Taken from 
1307.3536

Precision measurements even have implications for our 
understanding of the fate of our Universe, in the 
Standard Model.
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Future Precision and the Future

Taken from 
2511.03883

Precision measurements even have implications for our 
understanding of the fate of our Universe, in the 
Standard Model.

Note different x-axes.



Dark Sectors
Evidence for dark matter is now overwhelming
• Rotation curves
• CMB
• Large scale structure
• Velocity dispersions
• Gravitational lensing (Bullet Cluster)
• ….

Yet we have no clue what it is at the particle level!

?
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The phenomenology of visible matter is not, to a 
good approximation, the phenomenology of just 
hydrogen!

Within the visible 16% we observe extraordinary 
complexity.

The visible sector is rich, whichever length scale 
you view it at. 24



Dark Matters
Often assumed the phenomenology of the dark 
sector, including interactions with us, is also 
dominated by a single state.

Consider the rich phenomenology of the visible 
sector.  Why should the dark sector be simple?
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Is the Higgs a portal to new dark 
sector states?

After all, the Higgs has the most 
relevant interaction involving SM 

fields! 26



FCC offers incredible improvement in 
coverage of exotic Higgs decays.

Is the Higgs a portal to new dark 
sector states?

1612.09284
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Tera-Z brings the intensity frontier to new frontiers, in 
this case through the neutrino portal.

Is the Z Boson a portal to new dark 
sector states? 2511.03883
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Immense Theory Opportunities
Example:  Precision

2505.00272



Immense Theory Opportunities
Example:  Flavour

Altmannshofer:  Flavours at FCC Workshop, CERN, June 2026



Immense Theory Opportunities
Example:  BSM Mapping

UV – FCC-hh
Direct

IR – FCC-ee
Precision

??

SMEFT
“Swamp” Plausible EFT

Motivated

This mapping will inform interpretation of all aspects
of the FCC-ee precision programme; 

Higgs, EW, Flavour, QCD and tie them together through 
correlated effects.



Immense Theory Opportunities
Example:  Non-Perturbative QCD

Monni:  FCC Week, Helsinki, June 2026



Role of CERN-TH in FCC
Acting as a central hub to facilitate and coordinate global 
theory activities towards:
• Building and reinforcing FCC Theory community.
• Ensuring active communication and collaboration across 

activities. 
• Serving in key roles across coordination.
• Directly attacking the theory challenges.

Present support includes:
• Hosting numerous regular in-person workshops and 

schools (Precision Calculation school and workshop in last 
two weeks, graduate school in August, topical workshops).

• Hosting theory visitors and junior colleagues on contracts 
of a few days (STV) to months (SASS) to years (2 FCC 
Fellow positions).



CERN-TH Collaboration with 
German Theory Hub (GTH)

Potential aspects of synergy and collaboration include:
• Preserving knowledge and skills built over decades and 

transmitting this to future generations of theorist through 
joint schools.

• Amplifying visibility and impact of GTH activities by 
providing a platform for dissemination of new results and 
formation of new collaborations with dedicated workshops.

• Mobility between CERN-TH and GTH researchers, 
supporting CERN-TH travel to GTH centres and supporting 
GTH visits to CERN-TH.

• Supporting possible career pipeline opportunities for 
young theorists trained within GTH.

• Technical support for maintenance of required theory 
tools.

• Enhancing recognition for important contributions.



Remarks

We stand at a critical juncture in fundamental physics.  Such 
moments present unique opportunities for establishing the 
needed leadership to shepherd decades of scientific and 
technological progress.

The DE physics community is singularly placed to assume a 
scientific leadership capacity thanks to the unique depth and 
breadth of established competencies in particle theory across 
all areas of technical relevance.




