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OVERVIEW

April 8, 2024 – Sofia Giappichini

What is the Future Circular Collider (FCC)?

What are long-lived particles (LLPs)?

LLPs analyses at FCC
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FCC

April 8, 2024 – Sofia Giappichini

Future Circular Collider (FCC): 90 𝑘𝑚 circumference tunnel at CERN

FCC-ee: Z, WW, HZ, tt with high luminosities

FCC-hh: 100 TeV energy frontier

FERMILAB-CONF-22-177-AD

https://arxiv.org/pdf/2203.08310.pdf
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LLPs: PHYSICS

April 8, 2024 – Sofia Giappichini

Long-lived particles (LLPs) are stable or travel for an observable distance

(detector dependent) before decaying

LLPs from BSM models can explain the origin of dark matter and baryon 

asymmetry 

Heavy Neutral Leptons (HNL)

Axion-Like Particles (ALP)

Scalars from exotic Higgs decay

And much more!

Lifetime depends on the model’s parameters

Credit: Brian Shuve
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LLPs: DETECTOR

April 8, 2024 – Sofia Giappichini

LLP signatures in the detectors are distinct from prompt particles

Usually background-free searches

Most experimental analyses are focused 

on promptly decaying particles 

LLP detectors need to take into consideration:

Detector design⇒FASER

Reconstruction algorithms⇒ATL-PHYS-PROC-2022-050

Calorimeter and muon system⇒CMS PAS EXO-21-008
Credit: Jamie Antonelli

https://arxiv.org/abs/2207.11427
https://cds.cern.ch/record/2815527/files/ATL-PHYS-PROC-2022-050.pdf
https://cds.cern.ch/record/2864874/files/EXO-21-008-pas.pdf
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LLPs at FCC-ee

April 8, 2024 – Sofia Giappichini

FCC can target LLPs: higher luminosity means more events ≳ 𝒪(100)

HNLs, ALPs Exotic Higgs decays Front. Phys. 10:967881 (2022)

doi: 10.17181/qttzk-wpe74
(minimal program)

https://www.frontiersin.org/articles/10.3389/fphy.2022.967881/full
https://new-cds.cern.ch/records/qttzk-wpe74
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WORKFLOW

April 8, 2024 – Sofia Giappichini

LLPs from BSM are good 

benchmarks for studying the 

detector’s performance

The IDEA detector is general 

purpose but well suited for LLPs

Monte Carlo generated events and 

fast simulation in Delphes

FCCAnalyses software and central 

production of backgrounds

Innovative Detector for an 

Electron-positron Accelerator (IDEA)

Silicon vertex detector

Short-drift chamber tracker

Dual-readout calorimeter (solenoid inside)

Eur. Phys. J. Spec. Top. 

228 (2019) 261-623

https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
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HNLs at FCC-ee

April 8, 2024 – Sofia Giappichini

Z → 𝜈𝑁 at 𝑠 = 91 GeV

type I see-saw mechanism

𝑁 → 𝑒𝑒ν L. Rygaard

𝑁 → 𝑒𝑗𝑗 Dirac and Majorana 
D. Muolin

𝑁 → 𝜇𝑗𝑗 and neutrino oscillations
N. Valle, G. Polesello

𝑁1,2 → ℓℓν my master’s thesis 

(realistic case)

L. Rygaard

𝐿𝑁 ∼ 0.025
10−6

𝑉𝑙𝑁

2
100 𝐺𝑒𝑉

𝑚𝑁

5
m Phys. Rev. D 100, 035005

https://uu.diva-portal.org/smash/get/diva2:1679659/FULLTEXT01.pdf
https://dpnc.unige.ch/MASTERS/MASTER_MOULIN_Dimitris.pdf
https://indico.cern.ch/event/1307378/contributions/5721464/attachments/2789815/4865490/FCCHNLOscillationAnnecy2.pdf
https://uu.diva-portal.org/smash/get/diva2:1679659/FULLTEXT01.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.035005
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HNLs at FCC-ee

April 8, 2024 – Sofia Giappichini

Selection on LLPs variables (|𝑑0|, 𝐸𝑚𝑖𝑠𝑠, … )

Aiming for background-free events to reach theoretical predictions

N. Valle, G. Polesello, 𝑁 → 𝜇𝑗𝑗L. Rygaard, 𝑁 → 𝑒𝑒ν

https://indico.cern.ch/event/1307378/contributions/5721464/attachments/2789815/4865490/FCCHNLOscillationAnnecy2.pdf
https://uu.diva-portal.org/smash/get/diva2:1679659/FULLTEXT01.pdf
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HNLs at FCC-ee

April 8, 2024 – Sofia Giappichini

Results from the realistic case show improvement on previous studies 

(two HNLs instead of one)

S. Giappichini, 𝑁1,2 → ℓℓ𝜈

L. Rygaard, 𝑁 → 𝑒𝑒ν

https://uu.diva-portal.org/smash/get/diva2:1679659/FULLTEXT01.pdf
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ALPs at FCC-ee

April 8, 2024 – Sofia Giappichini

𝛾𝛾 → 𝑎 → 𝛾𝛾 at 𝑠 = 91, 160, 240, 365 GeV 𝐿𝑇 ∼ 64𝜋 𝑝𝑇 𝑔𝑎𝛾
−2𝑚𝑎

−4 m

Blue line: 𝛾𝛾 → 𝑎 → 𝛾𝛾 with 𝑚𝑎 = 50 𝐺𝑒𝑉 and 

𝑔𝑎𝛾 = 0.1 𝑇𝑒𝑉−1

Red line: background

𝑍 → 𝛾(𝑎 → 𝛾𝛾) at 𝑠 = 91 GeV 

Phys. Rev. D 109, 055003

https://arxiv.org/pdf/2310.17270.pdf
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ALPs at FCC-ee

April 8, 2024 – Sofia Giappichini

𝑍 → 𝛾(𝑎 → 𝛾𝛾) background free 

𝛾𝛾 → 𝑎 → 𝛾𝛾 :

Selection on 𝑝𝑇γ and |𝜂𝛾|

Acoplanarity (𝐴𝜙 = |𝜙1 − 𝜙2 |/𝜋) cut 

used at hadron colliders is not useful

Phys. Rev. D 109, 055003

https://arxiv.org/pdf/2310.17270.pdf
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LLP-FCC-ee DETECTOR

April 8, 2024 – Sofia Giappichini

The HErmetic CAvern TrackEr (HECATE)

proposes an LLP-specific extension to the 

IDEA detector

Scintillator plates around the FCC cavity

(𝑟 = 15 𝑚, 𝑧 = 50 𝑚)

Gain in sensitivity of half an order of 

magnitude in the mixing angle for HNLs

Faint line: inner detector only 

Solid line: HECATE with 𝐿𝑁,𝑚𝑎𝑥 = 15 𝑚
Dashed line: HECATE with 𝐿𝑁,𝑚𝑎𝑥 = 25 𝑚
THUNDERDOME: 𝐿𝑁,𝑚𝑎𝑥 = 100 𝑚, unrealistic detector

https://arxiv.org/pdf/2011.01005.pdf
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CONCLUSIONS

April 8, 2024 – Sofia Giappichini

A circular Higgs factory like FCC-ee has a rich potential

Beyond EW-precision measurements, it shows sensitivity to new physics

Future colliders can cover unexplored parameter spaces for LLPs, 

motivating their construction

There is great potential in optimizing

detectors and algorithms for LLPs!
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BACKUP

April 8, 2024 – Sofia Giappichini



Institute of Experimental Particle Physics (ETP)April 8, 202416

FCC-ee TIMELINE

April 8, 2024 – Sofia Giappichini

Credit: E. Bentall
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FCC-ee WORKFLOW

April 8, 2024 – Sofia Giappichini

Common FCCAnalysis framework based on RDataFrame

Official IDEA card in EDM4Hep format

Central production of background samples for each center of mass 

energy

Informal groups for LLPs at FCC-ee:

LLP-FCCee-informal@cern.ch https://indico.cern.ch/category/5664/

FCC-PED-PhysicsGroup-BSM@cern.ch

https://github.com/HEP-FCC/FCCAnalyses
https://github.com/HEP-FCC/FCC-config/tree/winter2023/FCCee/Delphes
http://fcc-physics-events.web.cern.ch/fcc-physics-events/FCCee/winter2023/Delphesevents_IDEA.php
https://indico.cern.ch/category/5664/
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HIGGS at FCC-ee

April 8, 2024 – Sofia Giappichini

𝑠 = 240 GeV

Exotic decay of H into two scalars that could

be LLPs, two displaced vertices (DV)

DV reconstruction with the LCFI+ algorithm

No sensitivity analysis available yet

M. Vande Voorde

https://arxiv.org/abs/1506.08371
https://uu.diva-portal.org/smash/record.jsf?pid=diva2%3A1742588&dswid=-7590
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LLP-FCC-hh DETECTOR

April 8, 2024 – Sofia Giappichini

FOREHUNT: forward, resistive plate chambers (RPCs), tested on meson 

and Higgs decays, cilindrical geometry - optimal 𝑅 = 5 𝑚, 𝐿 = 50 𝑚,
𝑧 = 50 𝑚 from the IP

DELIGHT: transverse, RPCs, box-type geometry - optimal 100 × 100 ×
100 𝑚, x = 25 𝑚 beside the IP

MATHUSLA (transverse, 100 × 100 × 25 𝑚3, on the surface) and FASER

(forward, 𝑟 = 10 𝑐𝑚, 𝐿 = 7 𝑚, 480 𝑚 from the IP) from LHC

https://arxiv.org/pdf/2306.11803.pdf
https://arxiv.org/pdf/2111.02437.pdf
https://arxiv.org/abs/2203.08126
https://arxiv.org/abs/2207.11427
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