
University of Bern, February 4 2025

Theoretical challenges
related to future colliders
Presented by Jason Aebischer

Funded by the
European Union



Outline

1 Introduction

2 Prospects

3 Theoretical challenges

4 Summary



Outline

1 Introduction

2 Prospects

3 Theoretical challenges

4 Summary



Possible future colliders

Circular

FCC, CEPC

Linear

ILC, CLIC, C3

Muon

MuCol



New environment

Higher (other) energies

→ new effects

Higher luminosities

Higher precision → uncertainties, quantum corrections

New experiments

new, best suited observables
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SM parameters

CKM

Vcs,Vcb

Electroweak parameters

MZ ,MW ,mt

Higgs self-coupling λ

Not measured yet



Vcs vs. Vcb Marzocca/Szewc/Tammaro: 2405.08880
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S and T parameters Snowmass: 2203.06520



Higgs self-coupling De Blas et al.: 1905.03764
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Beyond the SM

CP violation

Axions?

Compositness

Higgs = composite?

New particles

LQ, Z ′, DM



CP violation: B0
s → ϕµ+µ− JA/Kilminster/Kwok/Lukashenko/Polonsky
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Composite Higgs Stefanek: 2407.09593
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DM bounds on mass Maura/Stefanek/You: 2412.14241



Outline

1 Introduction

2 Prospects

3 Theoretical challenges

4 Summary



Precision of αem

High statistics

Statistical uncertainty decreases

Current uncertainty: δαem(m2
Z)

O(10−4)

Solution

Measure it at FCC-ee



αem at FCC-ee Riembau: 2501.05508



αem at FCC-ee Riembau: 2501.05508



Running effects

Running couplings

gs(µ), g(µ)...

Truncation

µ d
dµgs = −β0

g3
s

16π2 − β1
g5

s
(16π2)2 +O(g7

s )

Need

Higher orders, error estimation



Running of αs Bertone/Bozzi/Hautmann: 2407.20842
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More precise predictions: Terra-Z

from Matthew McCullough @ FCC Workshop
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Summary

Future Colliders

Higher statistics, precision

Better knowledge of parameters

αem, running couplings etc.

More precise predictions

Loop corrections, MC
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