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Large Hadron Collider (LHC)
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Standard Model of Particle Physics (SM)

©Wikipedia / MissMJ

[ATLAS, Phys. Lett. B 716 (2012) 1–29 ]

© Denis Balibouse



PostDoc seminar, 23.01.2024, Grenoble

No unified description of gravity

SM neutrino are massless

Hierarchy problem -> why Higgs mass is so small?

No viable Dark Matter candidate

No explanation of Dark Energy

…

Issues with the Standard Model
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No unified description of gravity

SM neutrino are massless

Hierarchy problem -> why Higgs mass is so small?

No viable Dark Matter candidate

No explanation of Dark Energy

…

Issues with the Standard Model

Need for new theory —> 

 Beyond the Standard Model Physics
 (BSM)
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SUPERSYMMETRY
TWO HIGGS DOUBLETS

COMPOSITENESS

EXTRA DIMENSIONS

LEPTOQUARK

NEUTRINO MODELS
DARK SECTOR

MILICHARGED PARTICLES

LR-SYMMETRY

AXIONS

WIMPs
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Lack of BSM discoveries

No new physics  
at the LHC scale

We are missing  
something

New methods,  
e.g. Machine Learning

New goals,  
e.g. Long Lived Particles
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ATLAS detector

side viewfront view
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LLPs @ ATLAS/CMS
LLPs emerge in many models via:

small couplings

phase space suppression

small mass splitting between 
mother and daughter particles 

LLPs have been searched in ATLAS 
and CMS. They may result in many 
exotic signatures.
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Monopole and Exotics Detector at the LHC (MoEDAL)
designed primarly for magnetic 

monopoles

can discover charged LLPs 

located ~2 m from IP8, outside 
LHCb VeLo detector

passive, no trigger, no pile-up

no SM background

sensitive to highly ionising 
particles with β ≤ 0.15 |Q/e |



selected results

Morskie Oko, Tatra, 
Poland
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Prospects for discovering supersymmetric long-lived particles with MoEDAL

Can MoEDAL detect charged LLPs?

Which BSM particles MoEDAL is sensitive to?

What are the prospects for Run 3?

Can MoEDAL compete with large experiments like 
ATLAS?

Fast simulation framework for MoEDAL

Simplified SUSY scenario as our benchmark model
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Prospects for discovering supersymmetric long-lived particles with MoEDAL

Can MoEDAL detect charged LLPs?

Which BSM particles MoEDAL is sensitive to?

What are the prospects for Run 3?

Can MoEDAL compete with large experiments like 
ATLAS?

Fast simulation framework for MoEDAL

Simplified SUSY scenario as our benchmark model

Supersymmetry
ϕ ↔ ψ
gluon ↔ gluino

W boson ↔ Wino
Higgs ↔ Higgsino

squark ↔ quark
slepton ↔ lepton

B boson ↔ Bino

neutralino  = mixture of wino, bino & higgsinosχ̃0
j
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Prospects for discovering supersymmetric long-lived particles with MoEDAL

Can MoEDAL detect charged LLPs?

Which BSM particles MoEDAL is sensitive to?

What are the prospects for Run 3?

Can MoEDAL compete with large experiments like 
ATLAS?

Fast simulation framework for MoEDAL

Simplified SUSY scenario as our benchmark model

pp → g̃g̃, g̃ → qqχ̃0
1, χ̃0

1 → τ*τ̃1
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Prospects for discovering supersymmetric long-lived particles with MoEDAL
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Prospects of searches for long-lived charged particles with MoEDAL

What is the MoEDAL’s sensitivity to supersymmetric particles in a general 
scenario?

Can it detect doubly charged scalar/fermionic particles?

Can it compete with ATLAS and CMS?
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Prospects of searches for long-lived charged particles with MoEDAL

What is the MoEDAL’s sensitivity to supersymmetric particles in a general 
scenario?

Can it detect doubly charged scalar/fermionic particles?

Can it compete with ATLAS and CMS?
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Detecting long-lived multi-charged particles in neutrino 
mass models with MoEDAL

ℒBSM ∋ − (hee)ij(ei
R)C(ej

R)CS†
1 −(hF)ijLiFjS†

1 −(hF̄)ijLiF̄jS†
3 −λ5HHS1S†

3 + h . c .
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Detecting long-lived multi-charged particles in neutrino 
mass models with MoEDAL
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Discovery prospects for long-lived multiply charged particles at the LHC

MoEDAL is sensitive to particles with .

Can MoEDAL outcompete ATLAS and CMS for large Q?

We considered simplified models: coloured & uncoloured scalars & 
spin-1/2 fermions with charges 

ATLAS and CMS constrainsts: 

large dE/dx searches

di-photon decays of positronium/quarkonium-like bound states  

β ≤ 0.15 ⋅ |Q/e |

1e ≤ |Q | ≤ 8e

https://inspirehep.net/literature/2064802
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Discovery prospects for long-lived multiply charged particles at the LHC
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https://inspirehep.net/literature/2064802
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Larde dE/dx searches
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diphoton resonance search
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Discovery prospects for long-lived multiply charged particles at the LHC
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Discovery prospects for long-lived multiply charged particles at the LHC
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Summary
 MoEDAL can detect charged long-lived particles

 Sensitivity assessed for SUSY, neutrino mass models and simplified models

 Sensitivity depends on incidence angle, electric charge, velocity distribution

Compared to ATLAS and CMS sensitivities:

 in most cases, MoEDAL does worse, mainly because of the lower luminosity available

 but for the specific SUSY scenario and multiply charged particles it can do better

 MoEDAL will gain more in the High Luminosity phase because it’s background free

 The presented research resulted in:

 stimulating searches for LLPs in MoEDAL  

 rearrangement of NTD placement

 understanding the impact of photon-induced production channels for multiply charged particles

 providing a broad overview of the prospects for detection of quasi-stable charged LLPs at the Run 3 & HL-LHC
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Now in LPSC

Sabine Kraml

 Developing ML-based 
analyses for BSM searches

 Using NNs to speed up 
reinterpretation tools

 Unfolding of detector 
effects



Thank you for attention!  
rafal.maselek@lpsc.in2p3.fr

Dolina Chochołowska, Poland  
photo by Piotr Kałuża

mailto:rafal.maselek@lpsc.in2p3.fr
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Backup slides
Rafał Masełek
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Experimental results

2112.05806 [hep-ex]

2311.06509 [hep-ex]

https://arxiv.org/abs/2112.05806
https://arxiv.org/abs/2311.06509
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Outlook — new spherical detector for FCC
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pp → g̃g̃, g̃ → qqχ̃0
1, χ̃0

1 → τ*τ̃1



Beach in Dębki, Poland

MoEDAL experiment
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Monopole and Exotics Detector at the LHC (MoEDAL)
designed primarly for magnetic monopoles

can discover charged LLPs 

located ~2 m from IP8, outside LHCb VeLo detector

mostly passive, no trigger, no pile-up

sensitive to highly ionising particles with 

no SM background

MoEDAL-MAPP consists of 4 subdetectors:

Magnetic Monopole Trappers

Nuclear Track Detectors

TimePix detector

MoEDAL Apparatus for Penetrating Particles

β ≤ 0.15 |Q/e |
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Nuclear Track Detector — layers
Detection of signal in 6 layers
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Nuclear Track Detector — etching

vT > vb

If vT ≤ vb track cannot be reconstructed!
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Nuclear Track Detector — acceptance

The acceptance of the 
detector depends on:
- incidence angle 
- electric charge
- velocity Maximum allowed β 

grows with charge

β < 0.15 ⋅ |Q/e |
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MoEDAL is sensitive only to highly-ionising particles with 

MoEDAL is sensitive only to slowly moving particles 

Sensitivity grows for larger electric charges

Signal = 6 highly-collinear double-sided etch-pits pointing towards the 
interaction vertex

Effectively no SM background => observation of even few signal events 
marks BSM Physics discovery

But lots of noise makes the analysis challenging

cτ ≳ 𝒪(1 m)

β ≤ 0.15 ⋅ Z

Signal at MoEDAL



Signal estimation at MoEDAL
 The signal is estimated by 

  is the production cross-section for pair of particles of mass m
  is particle’s three-velocity,  is its threshold value
 summation over i includes two particles created in an event

  is the probability to reach the detector, where  

is 1 if particle’s track crosses with and NTD panel, and 0 otherwise.

For neutralino mediator study, 

 For Run 2 geometry, the incidence angle has to be considered

Nsig(m, τ) = σ(m) ⋅ L ⋅ ⟨∑
i

Θ (βth − βi) P( ⃗βi, τ)⟩
MC

σ(m)
⃗βi βth

P( ⃗βi, τ) = ϵ( ⃗β) ⋅ exp (−
LNTD( ⃗β)

γβcτ ) ϵ( ⃗β)

P( ⃗βi, τ) = 1 − ϵ( ⃗β) ⋅ exp (−
LNTD( ⃗β)
γβcτχ̃0

1
)
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Signal at MoEDAL

Unexposed Exposed
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Prospects for discovering 
supersymmetric long-lived particles 
with MoEDAL 







PostDoc seminar, 23.01.2024, Grenoble

Prospects of searches for long-lived charged 
particles with MoEDAL 
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Detecting long-lived multi-charged particles 
in neutrino mass models with MoEDAL 



Uncoloured version
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Coloured version





Decays



Decays, continuation





Model independent



Model independent
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Discovery prospects for long-lived multiply 
charged particles at the LHC 







[ATLAS, 1812.03182]

colourless fermions, DY production at √13TeV

r r

pMEAS
T =

pTRUTH
T

|Q |

Q = 1e, pT = 50GeV

Q = − 8e, pT = 400GeV



Recasting open channel searches

r =
pT

0.3 × Q × B

reconstruction algorithm 
assumes Q=1

1. Simulate muon trigger (online selection) 
 

|η | ≤ 2.1, pMEAS
T ≥ 50GeV, tTOF −

xtrigger

c
≤ 50 ns (25 ns)

pTRUTH
T = Q × pMEASURED

T



online selection

offline selection














