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Long-Lived Particles New Physics Model

LLPs from Exotic Higgs Decays at FCC-ee
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• Extended SM with scalar sector  new scalar ”s” could be a portal to the dark sector [1,2] 

• New scalars very feebly coupled to SM Higgs, via sin   

• Higgs boson decaying into two long-lived new scalars that further decay to -quarks 

• Higgs boson produced at ZH stage (240 GeV) of FCC-ee
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• Long-Lived Particles (LLPs) are featured 

in many BSM models 

• Distinct experimental signatures 

• Small background from SM processes 

• Technically challenging 

• LHC detectors not designed for LLPs  

• Could have evaded detection so far 

• Room for improvement at future colliders 
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A sensitivity study regarding Long-Lived Particles at the Future Circular Collider

Event Selection
• Exactly 2 leptons (  or ), opposite-sign, same flavour 

• m  compatible with a Z decay: 70 < m  < 110 GeV 

• At least 2 reconstructed DVs: 

• Inside the tracker volume but outside of               

the innermost region:  

4 mm < rDV-PV < 2000 mm 

• With invariant mass > 1 GeV 

• To reconstruct DVs we use: 

• At least 3 non-primary tracks  

• pT > 1 GeV 

• |d0| > 2 mm 

• rDV-PV > 50 mm 

• LCFI+ algorithm [5] 

e μ

ll ll

• Signal Signature:  

• 2 isolated leptons ( ) 

• 2 displaced vertices (DVs) from the 

scalar decay 

• Sources of backgrounds considered: 

• ZH, H SM 

• ZZ 

• WW
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• Signal:  

• MadGraph v3.4.1 + PYTHIA8 + DELPHES 

tag 3.5.1.pre05 IDEA card [3] 

• 6 different signals generated:                                             

m = [20,60] GeV & sin  = [1e-5, 1e-6, 1e-7 ]  

• Background:  

• Centrally produced: winter2023 samples 

• ZH, H SM: WHIZARD + PYTHIA6 

• VV: PYTHIA8 

• Analysis performed using FCCAnalyses v0.9.0 

framework [4]  
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Conclusions & Outlook
• Prospective search for exotic Higgs boson decays to LLPs at FCC-ee  

• 15 events in the strongest signal in a background 0 search 

• Journal publication in preparation

Results

Image credits: G. Ripellino & M. Vande Voorde; Poster based on work by G. Ripellino & M. Vande Voorde (MSc Thesis link: https://uu.diva-portal.org/smash/record.jsf?pid=diva2:1742588); 

References: [1] - arXiv:1312.4992, [2] - arXiv:1412.0018 , [3] - https://github.com/davidrcurtin/HAHM, [4] - https://hep-fcc.github.io/FCCAnalyses/, [5] - arXiv:1506.08371

Exactly 2 oppositely charged leptons Exactly 2 oppositely charged leptons #DVs  2≥

https://hep-fcc.github.io/FCCAnalyses/
https://uu.diva-portal.org/smash/record.jsf?pid=diva2:1742588
https://arxiv.org/abs/1312.4992
https://arxiv.org/abs/1412.0018
https://github.com/davidrcurtin/HAHM
https://hep-fcc.github.io/FCCAnalyses/
https://arxiv.org/abs/1506.08371

