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https://indico.cern.ch/event/1441321/timetable/

Overview talks:
• LHCb
• CMS
• ATLAS

Dedicated experiments 
• MoEDAL-MAPP
• Beam dump experiments
• ProtoDUNE-SPS
• LUXE experiments
• MATHUSLA
• CODEX-b
• ANUBIS
• SHIFT
• SHIP
• milliQan
• Forward Physics Facility

Trigger streams

Theory and Pheno

All plenary, 5 days.
Total no of talks: 65 talks
Experiments – 15+
Participants from 20+ countries

https://indico.cern.ch/event/1441321/timetable/
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Long living particle are a excellent probes for new physics searches in SM and beyond.

● Particle lifetimes in the SM range from τ  ~ 2 x 10-25 s (the Z boson ) through to τ  ~ >  1034 years 

(stable) (proton, electron). 

Long-lived particles (LLPs): 

Brij Kishor Jashal,  Physics seminar at u. warwick03-10-2024



LLPs beyond the SM: 

Hidden Sector particles Heavy Neutral Leptons (HNLs)

Axion-Like Particles (ALPs):
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Some BSM scenarios which can include LLPs:

Supersymmetry (SUSY)

Brij Kishor Jashal,  Physics seminar at u. warwick03-10-2024



The Long-Lived Particle projects at the LHC
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Interactions with SM particles are 
necessary to provide mechanisms 
able to
deplete the DM abundance in the 
early Universe to the levels known 
today
in agreement with observations in 
standard cosmology.
-> DM has to interact to SM 
particles to deplete its initial 
abundance

Portal framework: 
- Expand the SM with the 
minimal set of operators of 
lowest dimension gauge-
invariant and renormalizable 
(all but the pseudo-scalar). This 
guarantees that the theoretical 
structure of the SM is preserved 
and any NP is just a simple 
(natural?) extension of what 
we already know..

J.Phys.G 47 (2020) 1, 010501

BC1, BC2, BC3

BC4, BC5

BC6, BC7, BC8

BC9, BC10, BC11

The best portals for
Thermal light Dark Matter

Couplings too tiny
to produce thermal 
DM

Axion is an excellent DM
Candidate but in the 
micro-eV range

Brij Kishor Jashal,  Physics seminar at u. warwick03-10-2024
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The Long-Lived Particle projects at the LHC
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arXiv: 2305.01715

Brij Kishor Jashal,  Physics seminar at u. warwick03-10-2024



Long-lived particles (LLPs)

10.3389/fdata.2022.100873710.1088/1361-6633/ac464910.48550/arXiv.2110.14675
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Development of reconstruction strategies and algorithms at high level trigger to detect long-lived particles  

Brij Kishor Jashal,  Physics seminar at u. warwick03-10-2024

https://doi.org/10.3389/fdata.2022.1008737
https://doi.org/10.1088/1361-6633/ac4649
https://doi.org/10.48550/arXiv.2110.14675
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Theory and Pheno
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Portals to Heavy Neutral Leptons
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By J.Hernandez-Garcia

https://indico.cern.ch/event/1441321/contributions/6526110/attachments/3082100/5455634/LLPs_searches_at_beam-dumps.pdf
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Juraj Klaric

https://indico.cern.ch/event/1441321/contributions/6465548/attachments/3078734/5449047/20250601_KlaricLLP.pdf
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ARXIV:2408.03383 and  2007.03701

By J.Hernandez-Garcia

https://indico.cern.ch/event/1441321/contributions/6526110/attachments/3082100/5455634/LLPs_searches_at_beam-dumps.pdf
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Brun M

https://indico.cern.ch/event/1441321/contributions/6453891/attachments/3078196/5447920/Bruno%20M.%20S.%20Oliveira%20-%20Lepton%20Number%20Violation%20in%20Symmetry-protected%20Seesaw%20Models%20(LLP2025).pdf
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T Bertolez-Martinez

https://indico.cern.ch/event/1441321/contributions/6459917/attachments/3078142/5447802/LLP%202025%20-%20Bertolez.pdf
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T Bertolez-Martinez

https://indico.cern.ch/event/1441321/contributions/6459917/attachments/3078142/5447802/LLP%202025%20-%20Bertolez.pdf
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RebecaBeltran

https://indico.cern.ch/event/1441321/contributions/6454098/attachments/3078622/5448774/RebecaBeltran_LLP2025.pdf
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D. Ramos

https://indico.cern.ch/event/1441321/contributions/6464993/attachments/3079082/5449641/talkLMDR_LLP2025.pdf


15th LLP workshop, Valencia
27



15th LLP workshop, Valencia
28



15th LLP workshop, Valencia
29

D. Mahon (PhD Thesis)
ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])
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Overview talks:
• LHCb
• CMS
• ATLAS

Dedicated experiments 
• MoEDAL-MAPP
• Beam dump experiments
• ProtoDUNE-SPS
• LUXE experiments
• MATHUSLA
• CODEX-b
• ANUBIS
• SHIFT
• SHIP
• milliQan
• Forward Physics Facility
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FASER Dark Photon 2023 2308.05587

https://arxiv.org/pdf/2308.05587
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https://arxiv.org/pdf/2503.20893
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CERN-PBC-Report-2-25-003

https://cds.cern.ch/record/2927631/files/2505.00947.pdf?version=1
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Trigger streams
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Fifteenth Long Lived Particle workshop

IFIC, Valencia 2-6 June 2025

Brij Kishor Jashal

Rutherford Appleton Laboratory, Oxford

Underexplored Challenges in LLP/FIP 

Searches at Cosmology and Colliders

03/06/2025 15th LLP workshop, Valencia 68



Underexplored challenges: Cosmology

Do we really know that we don’t know ~95% of the universe. ??

    “Degree of skepticism must not only be pardonable but should  be laudable”

∧CDM concordance cosmology, based on Friedman equations(1922) recently 

going through a crises

03/06/2025
15th LLP workshop, Valencia
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“…. High redshift supernovae appear 
almost 0.15 mag (~15% in flux) fainter 
than the low redshift supernovae” 
(Compared to expectations for ∧ = 0 
universe)

50 supernovae (1a)
Perlmutter et al. 1999

Riess et al, 1998

For various reasons people are revisiting this conclusion 
today.

 - SDSS-II/SNLS-3 Joint Lightcurve Analysis (JLA) 740 SNe, 
(Sarkar et al 2019)
- Pantheon+ - 1540 Rameez et al. 2024, 2411.10838

- Recent challenges to cosmological principle
- Ellis & Balldwin test anomaly (Secrest et al. 2021, 

2022, Wagenveld et al, 2023)
- Cosmic dipole anomaly, Sarkar et al, 2505.23526  

Bulk flows in local universe (Watkins et al. 2023)

Manifesto: Challenging the standard cosmological model 10.1098/rsta.2024.0036

 The statistical method critics: March et al.(2011), Karpenka (2014), 
Nielsen et al (2015), Dam et al. (2017) 

Sarkar et al, 29 May 2025 2505.23526

03/06/2025 15th LLP workshop, Valencia 70

Underexplored challenges: Cosmology: Dark energy

https://arxiv.org/abs/2505.23526
https://doi.org/10.1098/rsta.2024.0036
https://arxiv.org/abs/2505.23526
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Underexplored challenges: Cosmology: Dark matter



• 5σ tension between early and late universe H₀ 
measurements:

o Planck CMB: H₀ = 67.4 ± 0.5 km/s/Mpc

o SH0ES Cepheids+SNe: H₀ = 73.04 ± 1.04 
km/s/Mpc

• Potential implications for dark sector physics

15th LLP workshop, Valencia
72

Underexplored challenges: Cosmology: Dark matter



Manifesto: Challenging the standard cosmological model 10.1098/rsta.2024.0036

On testing CDM and geometry-driven Milky Way rotation curve models with Gaia DR2
M. Crosta et al. 10.1093/mnras/staa1511

McMillan (2017), Pouliasis et al. (2017), and Eilers et al. (2019). 

Balasin & Grumiller (2008, BG)

- Fritz Zwicky's 1933 Paper: The Redshift of Extragalactic Nebulae: Coma cluster
- Vera Rubin & Kent Ford’s 1970 paper on rotation curves of spiral galaxies

03/06/2025 15th LLP workshop, Valencia 73

Underexplored challenges: Cosmology: Dark energy

https://doi.org/10.1098/rsta.2024.0036
https://doi.org/10.1093/mnras/staa1511


“Space tells matter how to move
Matter tells space how to curve”: Wheeler

Ellis, “On the Raychaudhry 
equation
Volume 69, pages 15–22, (2007)

“Friedman tells space how to expand without curving 
newton tells matter how to move”

However, in ∧CDM cosmology
Friedmann equation + 
linear Newtonian perturbations 

Manifesto: Challenging the standard cosmological model 10.1098/rsta.2024.0036

03/06/2025 15th LLP workshop, Valencia 74

Dark sector cosmology

https://doi.org/10.1098/rsta.2024.0036


Dark Matter: a huge range of possible masses

J.Phys.G 47 (2020) 1, 010501

03/06/2025 15th LLP workshop, Valencia 75



Dark Matter: Constraining phase space

- Since VDM ‘talks’ to SM via Higgs, 
      VDVDH coupling is limited from above by DM direct detection   
and H→ DM DM Br

- Since DM Relic density should be equal or below the PLANCK 
relic density limit                           VDVDH coupling is limited 
from below 

- The Higgs portal VDM parameter space is very limited by 
interplay of collider, DD and DM relic density

Baek, Ko, Park , Senaha 1212.2131 
DiFranzo, Fox,Tait 1512.06853 , 
Farzan, Akbarieh 1207.4272 

Deandrea, Moretti, Panizzi, Ross, Thongyoi,AB 
arXiv:2204.03510,2203.04681
Lebedev, Lee, Mambrini 1111.4482, 

Fermionic Portal for Vector Dark Matter (FPVDM)

- It is the framework, representing the class of models 
- Various realisations are possible, including one or several VL fermions 
 [Deandrea, Moretti, Panizzi, Ross, Thongyoi, AB 
 arXiv:2204.03510,2203.04681] 

Vector DM with the Higgs portal 

03/06/2025 15th LLP workshop, Valencia 76



LLPs: SM

SM LLP physics crucial for precision era

03/06/2025 15th LLP workshop, Valencia 77



LHCb HLT1 downstream potential; SM channels

SM LLP physics crucial for precision era

15th LLP workshop, Valencia 78

CERN-THESIS-2023-249

http://cds.cern.ch/record/2881886/


Challenges: Trigger efficiency Eur.Phys.J.C 84 (2024) 6, 608

03/06/2025 15th LLP workshop, Valencia 79

The interplay between an LLP's boost and detector 
capabilities manifests in several ways that can impact 
sensitivity if not carefully considered

https://doi.org/10.1140/epjc/s10052-024-12906-3


Challenges: Beam gas background 
modelling

03/06/2025 15th LLP workshop, Valencia 80

2024 JINST 19 P06014

- ATLAS Search for Neutral LLPs Decaying to Displaced Jets (2024) arXiv:2407.09183
- Background composition:

- Beam-gas collisions produced fake displaced jets through:
- Inelastic proton-gas interactions → electromagnetic showers → calorimeter energy deposits mimicking LLP 

decays
- Measured fake jet rates scaled linearly with LHC beam vacuum pressure (R ∝ ρ)

- Impact on LLP Sensitivity:
- Without mitigation, beam-gas backgrounds would dominate over signal in regions with:

- Vertex displacements: 30 cm < cτ < 4.5 m
- Low LLP boost (βγ < 2), where decay products are spatially resolvable

- Simulated beam-gas events showed topological similarity to LLP signatures:
- Non-prompt timing (Δt ~ 1–10 ns vs. collision products)
- Multi-track vertices displaced from primary interaction point

. 

19/06/P06014

https://core.ac.uk/download/pdf/613874649.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/19/06/P06014


Challenges: Beam gas background 
modelling

03/06/2025
15th LLP workshop, Valencia
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2024 JINST 19 P06014

Mitigation Strategies: The analysis employed:

- Timing Cuts:

- Exploited ns-level calorimeter timing to reject out-of-time beam-gas events 

(90% rejection efficiency)

- Data-Driven Background Modeling:

- Used ABCD method in signal-free regions to residual beam-gas contributions

- Vacuum Pressure Monitoring:

- Leveraged ATLAS Beam Conditions Monitor (BCM) rates to veto periods with 

elevated beam-gas activity

. 

https://core.ac.uk/download/pdf/613874649.pdf


LHC Experiments and their LLP Search Focus:

82

Experiment/Detector Primary LLP Signature Focus Key Detector Region/Focus Typical cτ Range (approx.)

ATLAS
Displaced Jets/Leptons, 
Charged LLPs, HNLs, Dark 
Photons

Inner Detector, 
Calorimeters, Muon 
Spectrometer

~0.1 mm to several meters

CMS
Displaced Jets (Inner Tracker), 
Displaced Showers (Muon 
Endcaps)

Inner Tracker, Endcap 
Muon Detectors (CSCs)

~0.1 mm to ~100 mm 
(Inner), ~cm to ~tens of 
meters (Muon)

LHCb Very Displaced Vertices 
(Dimuons, Hadrons)

Forward Spectrometer 
(VELO, UT, SciFi) ~0.1 mm to ~1 meter

FASER
Light, Weakly-Coupled Particles 
(Dark Photons, ALPs, Sterile 
Neutrinos)

Far-Forward Region (100m 
from IP), Decay Volume, 
Spectrometer

~tens to hundreds of 
meters

MATHUSLA Neutral LLPs (Hadronic, 
Leptonic)

Surface Detector (40m 
scale), Air-filled Decay 
Volume

~tens of meters to ~0.1 
seconds

Joint analysis framework ? e.g combined analysis of 



The X17: a 17 MeV boson ?

PhysRevC.104.044003
➢ Atomki: Phys. Rev. C 104, 044003 

(2021)
➢ Evidence for/against in 2024:

➢ VNU 4 sigma arXiv:2401.11676v2
➢ MEG-II exclude it but do have 

1.5σ excess. arXiv:2411.07994v1
➢ All these use p+nA→ e+e- + n+1A

➢ Study angles in outgoing 
electron/positron

- PADME uses DAΦNE positrons on diamond target
- beam energy 265–300 MeV, → √s 16.4 and 17.5 MeV

- Measure the cross-section
- Unblind ~2.5 σ excess

PADME 30 May 2025 ; 2505.24797

- The X17's proposed kinetic mixing with the Standard 
Model photon is a common portal for dark photons, 
which can be long-lived if the kinetic mixing is 
sufficiently small

- PADME CERN seminar today at 11:00 , paper came out yesterday 

03/06/2025

15th LLP workshop, Valencia 83

https://arxiv.org/pdf/2505.24797


Thank you 

03/06/2025 15th LLP workshop, Valencia 84
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