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FCC-ee project

BSM at FCCee — 08/07/2025

• Proposed to be built at CERN, operations from 2040s 

• 90.7 km circumference with 4 experimental sites 

• Feasibility study Vol. 1, Vol. 2, Vol. 3 

• Intensity frontier: increase luminosity to find new physics in  rather than increase energy 
in pp collisions

e+e−

FCC-ee run plan  
(from FCC final report)

Z WW ZH tt

√s (GeV) 87.9 - 91.2 - 94.3 157.5 - 162.5 240 340→350 - 365

𝓛 (ab⁻¹) 40 - 125 - 40 19.2 10.8 0.41 - 2.65

https://arxiv.org/pdf/2505.00272
https://arxiv.org/abs/2505.00274
https://arxiv.org/abs/2505.00273
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Experimental setup

BSM at FCCee — 08/07/2025

• IDEA detector concept arXiv:2502.21223 

• Drift chamber tracker 

• Following studies with parameterised 
simulation 

• Two other concepts for FCC-ee: 

• CLD, silicon tracker arXiv:1911.12230 

• ALLEGRO, noble liquid calorimeter 
Nucl. Instrum. Methods Phys. Res., A 1069 (2024) 
169921 

CLD ALLEGRO

https://www.arxiv.org/abs/2502.21223
https://arxiv.org/pdf/1911.12230
http://dx.doi.org/10.1016/j.nima.2024.169921
http://dx.doi.org/10.1016/j.nima.2024.169921
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Direct searches

BSM at FCCee — 08/07/2025

• Classic benchmarks of feebly interacting particles 
(weak interactions with SM particles): 

• Heavy Neutral Leptons (HNL) 

• Axion-Like Particles (ALP) 

• Scalars from exotic Higgs decay 

• We can target the long-lived (decay length  0.5 mm) 
parameter space with dedicated searches

≳

credit: F. Maltoni
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Single Majorana HNL

BSM at FCCee — 08/07/2025

• Studies on semi-leptonic and fully leptonic channels 
with single mixing 

• Prompt and long-lived (within tracker volume, 
background-free from simulation), with and without 
machine learning 

• One study in full-sim CLD doi:10.17181/k3faq-d1f12
arXiv:2503.19464

HNL discovery at FCC-ee for a mass range 
beyond the reach of specialised detectors and 

smaller mixing angles

see-saw limit

https://doi.org/10.17181/k3faq-d1f12
https://arxiv.org/pdf/2503.19464
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Realistic HNLs models

BSM at FCCee — 08/07/2025

• Two quasi-degenerate Majorana HNLs 
with coupling to all active neutrinos, both 
mass hierarchies JHEP05(2025)054 

• Two pseudo-Dirac HNLs mixing to 
muons, lepton flavour violation from  
oscillations and Dirac vs. Majorana limit 
doi:10.17181/hd9nb-zmg24

NN̄

 Precise measurements at 
FCC-ee test the parameters 
and underlying symmetries

https://link.springer.com/article/10.1007/JHEP05(2025)054
https://doi.org/10.17181/hd9nb-zmg24
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ALPs

BSM at FCCee — 08/07/2025

•  prompt (tri-photon) and long-lived (mono-
photon) JHEP06(2025)239 

• Photon fusion production from combination of all 
runs PhysRevD.109.055003 

• Preliminary study on  (with CLD fast-sim) 
doi:10.17181/2cj3g-x8h03

Z → aγ

a → gg

FCC-ee can probe ALP-photon couplings in 
regions inaccessible to beam-dump 

experiments

https://link.springer.com/article/10.1007/JHEP06(2025)239
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.055003
https://doi.org/10.17181/2cj3g-x8h03
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Exotic Higgs

BSM at FCCee — 08/07/2025

• Large Higgs sample at FCC-ee, for the first time at lepton 
colliders 

• Direct searches with up to four orders of sensitivity in 
Higgs branching ratios compared to HL-LHC

JHEP 06 (2025) 143

Background-free sensitivity 
at FCC-ee for scalars 

between 1 mm and 10 m 
decay length

https://inspirehep.net/literature/2859405
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Indirect searches

BSM at FCCee — 08/07/2025

• Effective Field Theories connect measurements at 
different scales without knowledge of the UV 

• The Tera-Z program is well placed to find indicators of 
heavy new physics, complementarity with Higgs run

FCC-ee shows significant 
improvement in the reach of 

precision of electroweak 
observables in SMEFT framework

JHEP 09 (2024) 091

JHEP 06 (2025) 125

https://link.springer.com/article/10.1007/JHEP09(2024)091
https://doi.org/10.1007/JHEP06(2025)125
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Conclusions

BSM at FCCee — 08/07/2025

• Strong interplay of prompt and long-lived signatures 

• Tera-Z and Higgs runs are highly beneficial to the BSM program 

• There is still work to be done in preparation for the TDR, get in touch! 

• More details in the FCC-ee Feasibility study and ECFA report 

• All inputs to the 2026 European Strategy for Particle Physics update

FCC-ee can directly probe the (1-100) GeV mass range of feebly 
interacting particles and high-precision SM measurements indirectly probe 

BSM in the (10-100) TeV range, thanks to a clean environment, high 
luminosity, and large acceptance

𝒪

𝒪

https://arxiv.org/pdf/2505.00272
https://arxiv.org/abs/2506.15390
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Other direct searches

BSM at FCCee — 08/07/2025

• Not experimentally explored yet at FCC-ee but interesting: 

• Dark photons 

• Dark matter (monophoton, …) 

• Exotic Z decays 

• Z’ Phys. Rev. D 111, 035029 (2025)
arXiv:2405.03396

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.035029
https://arxiv.org/abs/2405.03396
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More on indirect searches (FCC FSR)
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More on indirect searches 

BSM at FCCee — 08/07/2025

JHEP 06 (2025) 125

https://doi.org/10.1007/JHEP06(2025)125
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FCC-hh (FCC FSR)
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ESPP HNLs

BSM at FCCee — 08/07/2025

Venice-ESPP-2025

https://agenda.infn.it/event/44943/contributions/263371/attachments/137620/206927/Venice-ESPP-2025-RGS.pdf
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HNLs theory

BSM at FCCee — 08/07/2025

• See-saw type 1 Phys. Rev. Lett. 128, 051801 

 

• Decay lenght PoS ICHEP2022 (2022) 608 

 

• Pseudo-Dirac limit JHEP 12 (2021) 182 in agreement with leptogenesis JHEP 09 (2018) 124 and 
oscillation data JHEP 09 (2020) 178
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.051801
https://pos.sissa.it/414/608
https://link.springer.com/article/10.1007/JHEP12(2021)182
https://link.springer.com/article/10.1007/JHEP09(2018)124
https://link.springer.com/article/10.1007/JHEP09(2020)178
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ESPP ALPs

BSM at FCCee — 08/07/2025

Venice-ESPP-2025

https://agenda.infn.it/event/44943/contributions/263371/attachments/137620/206927/Venice-ESPP-2025-RGS.pdf
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Patricia Rebello Teles, FCC week 2025



Sofia Giappichini 20

Exotic Higgs

BSM at FCCee — 08/07/2025

JHEP 06 (2025) 143

https://inspirehep.net/literature/2859405


Sofia Giappichini 21BSM at FCCee — 08/07/2025



Sofia Giappichini 22

LLP specialised detectors for FCC-ee

BSM at FCCee — 08/07/2025

• Far detectors: arXiv:1911.06576 arXiv:2201.08960 

• LAYCAST: LAYered CAvern Surface Tracker at future electron-positron colliders 
arXiv:2406.05770 

• HECATE: A long-lived particle detector concept for the FCC-ee arXiv:2011.01005

https://www.arxiv.org/abs/1911.06576
https://www.arxiv.org/abs/2201.08960
https://www.arxiv.org/abs/2406.05770
https://www.arxiv.org/abs/2011.01005

