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• Particles with macroscopically detectable decay lengths

Andrea Thamm

What are long-lived particles (LLP)?

• Light or heavy wrt to electroweak scale

• Can decay to quarks, leptons or gauge bosons,…

• Long decay lengths = long life time � = c⌧
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• Various properties can imply a long life time ⌧ =
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• Various properties can imply a long life time

• Small matrix element
★ Approximate symmetry
★ Small coupling to lighter states

⌧ =
1
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• Suppressed phase space

What are long-lived particles (LLP)?
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[Taken from 1903.04497]

• Plenty of long-lived particles in the Standard Model

What are long-lived particles (LLP)?

 5



 

Andrea Thamm

LLP beyond the SM

[Taken from 1806.07386 - Long lived particles at the Energy Frontier: The MATHUSLA Physics Case] 6



 

Andrea Thamm

LLP beyond the SM

[Taken from 1806.07386 - Long lived particles at the Energy Frontier: The MATHUSLA Physics Case] 6



 

Andrea Thamm

LLP beyond the SM

[Taken from 1806.07386 - Long lived particles at the Energy Frontier: The MATHUSLA Physics Case] 6



Outline

Andrea Thamm

1.What are long-lived particles?

2. Axion-like particles

• at the LHC
• at Mathusla

3. Conclusions

 7



 

• Interactions at dimension-5
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[Georgi, Kaplan, Randall: Phys. Lett.169 B (1986)]

[Weinberg: PRL 40 (1978) 223]
[Wilczek: PRL 40 (1978) 279]
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• Higgs interactions at dimension-6 and 7
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Axion-like particles
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Axion-like particles
• Decay probability
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• Average decay length perpendicular to beam axis

Andrea Thamm

Detecting ALPs in H and Z decays 
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• Effective branching ratios
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Future lepton colliders
• ALP associated production
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Experimental signatures
• Longer lived particles become very rare signals in detector
• Background suppression and good trigger efficiency
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Andrea Thamm

Experimental signatures
• Longer lived particles become very rare signals in detector
• Background suppression and good trigger efficiency
• Signatures in ATLAS and CMS

★ Identification of displaced objects
★ Non-standard tracks (e.g. disappearing tracks)
★ Trackless signals (e.g. stopped particles)
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Experimental signatures

[Taken from Heather Russell: An experimental introduction to long-lived particle searches at the LHC]

LLP not stable on detector timescales

difficulties: triggering (need additional objects to select event)
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Experimental signatures

[Taken from Heather Russell: An experimental introduction to long-lived particle searches at the LHC]

Some hits in inner tracker in ATLAS and CMS, LHCb designed to do this in B decays

difficulties: need specialised triggers
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Experimental signatures

[Taken from Heather Russell: An experimental introduction to long-lived particle searches at the LHC]

Hadronic decay in inner tracker in ATLAS and CMS

difficulties: need specialised triggers to go to lower energies
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Experimental signatures

[Taken from Heather Russell: An experimental introduction to long-lived particle searches at the LHC]

Emerges from dark showers, many secondary vertices

difficulties: need specialised triggers
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Dark Showers

[Taken from 1903.04497]

• Large amount of energy goes into a hidden sector

• High multiplicity of (soft and light) dark states

• Need triggers for soft and/or high multiplicity objects
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Experimental signatures

[Taken from Heather Russell: An experimental introduction to long-lived particle searches at the LHC]

Decay in the calorimeter, no tracks, can be done quite well

difficulties: new backgrounds (cosmic muons, beam halo)
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Experimental signatures

[Taken from Heather Russell: An experimental introduction to long-lived particle searches at the LHC]

Decay in muon system

difficulties: improve smaller mass region

 23



 

Andrea Thamm

Prospects

• Need searches in all subdetectors in a unified framework

• Currently a lot of work to establish simplified models

• Improvements in triggers, pileup, new signatures,…

• Might need new experiments…
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Mathusla

[Taken from 1806.07386]

• Experimental setup

 26



Mathusla
• Exotic Higgs decays
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Mathusla
• Exotic Higgs decays
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Mathusla
• Exotic Z decays
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2. Axion-like particles
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3. Conclusions
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• Long-lived particles well motivated in many BSM models

• Recent progress in LLP theory and experiment

• Already some LHC searches
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• Constraints on ALP mass and coupling to photons
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Probing the parameter space
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