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Physics at the energy frontier
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The Standard Model
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The part that matches
ATL-PHYS-PUB-2024-011 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/
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The part that doesn’t match too well
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The part that doesn’t match too well

Fundamental open 
questions:

• Gravity

• Dark matter / energy

• Unification of forces

• Matter-antimatter 
imbalance

• Hierarchy problem

• …
? ?

?
? ?

?
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Exploring the unknown
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Samples of our exploration New resonances

Supersymmetry
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Long-lived particles
1903.04497 

https://arxiv.org/abs/1903.04497
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Long-lived mechanisms

𝚪 ~ ε2 (m/𝚲)2n 𝚽
Small 

couplings
Phase space

Mass hierarchies
(suppressed loops)

 𝜏 ∝1/𝚪
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What makes them worth pursuing

• Gravity

• Dark matter ✓

• Unification of forces ✓

• Matter-antimatter 
imbalance ✓

• Hierarchy problem ✓? !
!

! !

!

1806.07396 

https://arxiv.org/abs/1806.07396


Page 12 | F. Meloni | Particle Physics Seminar, Universität Bonn | 24/10/2024

Massive dark photons
1412.0018

2005.01515  

Small 
couplings

• Dark matter ✓ (~)

https://arxiv.org/abs/1412.0018
https://arxiv.org/abs/2005.01515
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• Dark matter ✓

• Unification of forces ✓

• Hierarchy problem ~

Split supersymmetry

Mass 
hierarchies

Sketch: N. Arkani-Hamed

hep-ph/0406088 
hep-th/0405159 

https://arxiv.org/abs/hep-ph/0406088
https://arxiv.org/abs/hep-th/0405159
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• Dark matter ✓

Phase 
space

Minimal dark matter

M
as

s
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...

1

2

O(100 MeV)

hep-ph/0512090 

for Y=0 and multiplet 
dimension ≥ 3

(in SUSY models, 
Wino or Higgsino)

https://arxiv.org/abs/hep-ph/0512090
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The searches: everything is “non-standard”

LATE DECAYS UNUSUAL SHOWERS DISPLACED VERTICES

NON-POINTING 
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Searches at the LHC
2104.03050

https://arxiv.org/abs/2104.03050
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The energy frontier today
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The energy frontier today

The ATLAS experiment
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The energy frontier today

The ATLAS experiment
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The energy frontier today

The ATLAS experiment
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A completely different strategy

EmptyCollisions Collisions

Time

25 ns
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A completely different strategy

Produce 
gluinos 

here

Look for an energetic 
jet here

Proper decay time

N

EmptyCollisions Collisions
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Estimating stopped signal yields
ATL-PHYS-PUB-2019-019 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-019/
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The result
BEAM-INDUCED BACKGROUNDS (BIB)

COSMICS



Searches at the LHC
2206.12181

https://arxiv.org/abs/2206.12181
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Dark photons in Higgs boson decays

Unprobed → exploit WH production
(no online selections)
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Separating dark photon jets from QCD

CONVOLUTIONAL 
LAYERS

Exploit spatial distribution of energy deposits

DENSE 
LAYERS

Correlations and event-level information Binned jet image



Page 29 | F. Meloni | Particle Physics Seminar, Universität Bonn | 24/10/2024

Separating dark photon jets from QCD

CONVOLUTIONAL 
LAYERS

Exploit spatial distribution of energy deposits

DENSE 
LAYERS

Correlations and event-level information
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Extending sensitivity to low masses

Higgs boson BR



Searches at the LHC
2301.13866  

https://arxiv.org/abs/2301.13866
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Displaced vertex reconstruction
ATL-PHYS-PUB-2017-014 
ATL-PHYS-PUB-2019-013

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-013/
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The backgrounds
There are no SM processes producing high-mass displaced vertices
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Displaced vertex selections
Rxy > 4 mm

Hadronic interactions veto 

≥ 5 tracks

mvis > 10 GeV

N
um

ber of D
V

s
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Beyond the LHC
2308.00515

https://arxiv.org/abs/2308.00515
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The LLP community

The focus on LLP searches has only grown in the past ~decade

Significant programme beyond the LHC

Figure credit: J. Beacham
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LUXE

e+e- detection 
system

Photon 
detection 

system

LUXE-NPOD
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LUXE-NPOD: experimental setup

Production via 
Primakoff effect

RD
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Expected signal yields

Ee = 16.5 GeV Dump depth LS = 1.0 m

Ne = 1.5×109 Decay path  LD = 2.5 m 

NBX = 107 RD = 1.0 m
Eu.XFEL parameters Experimental design

RD
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LUXE-NPOD: detection

Plan to measure:

• Decay position

• Mass

Geant4 simulation of backgrounds 

to determine target performance

𝝈θ ≤ 10 mrad 𝝈t ≤ 1 ns

RD

𝛼

ECAL-E prototype



The journey ahead
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Beyond the beampipe
ATL-PHYS-PUB-2024-014 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-014/
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Future 0 - ATLAS potential not exhausted!
1704.08207 

https://arxiv.org/abs/1704.08207
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Future I - LLP searches at LUXE
2107.13554 

Studied also 
prospects for a 
LUXE-NPOD-like 
experiment at Higgs 
factories 

https://arxiv.org/abs/2107.13554
https://indico.desy.de/event/33640/contributions/127486/attachments/77513/100265/LUXE_BSM_Higgs_factories%20(1).pdf
https://indico.desy.de/event/33640/contributions/127486/attachments/77513/100265/LUXE_BSM_Higgs_factories%20(1).pdf
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Future II - Future colliders
2303.08533

https://arxiv.org/abs/2303.08533
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Summary
Long-lived particle searches are a particularly creative field:

• Non-standard data collection and analysis 

• Dedicated detectors

• New reconstruction 
techniques



Thank you!

Contact

Federico Meloni 
DESY-FH/ATLAS
federico.meloni@desy.de
https://www.desy.de/~fmeloni 

mailto:federico.meloni@desy.de
https://www.desy.de/~fmeloni/
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Re-interpretation 

Look for this in 
the public pages

Image credit : 
H.Oide
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Exotic Higgs boson decays
2107.06092 

https://arxiv.org/abs/2107.06092
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R-hadron generation and simulation
ATL-PHYS-PUB-2019-019 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-019/
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Stopping R-hadrons
ATL-PHYS-PUB-2019-019 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-019/
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Cosmic-ray background

Leading jet 
Muon track 
segments

Minimum 𝜼-𝝓 distance α
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Beam-induced background

Empty bunch crossings Only beam 2Only beam 1
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Estimating stopped signal yields
2104.03050 

https://arxiv.org/abs/2104.03050
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ATLAS stopped particles
2104.03050 

https://arxiv.org/abs/2104.03050
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CMS stopped particles
1801.00359 

https://arxiv.org/abs/1801.00359
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Reconstructing tracks with large displacement
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Displaced vertexing



Page 61 | F. Meloni | Particle Physics Seminar, Universität Bonn | 24/10/2024

Accidental crossings

Extract crossing factor from data 
exploiting Ks decays

Take crossing tracks to build template 
of (n+1)-tracks DV mass
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Observations



Page 63 | F. Meloni | Particle Physics Seminar, Universität Bonn | 24/10/2024

CMS
CMS summary plots 

https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/barplot_RPV_RPC_OLL_v8.svg
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Observations

Data-driven “ABCD” background estimation
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Long-lived staus
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The ATLAS tracking detector
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LUXE’s “transparent dump”

EƔ > 1 GeV #Photons
(per e-)

Background
(per e-)

LUXE 0.12 / 2.5 ~0

Thin e-dump 0.03 ~0

Thick e-dump 6.7 x 100

2107.13554 

https://arxiv.org/abs/2107.13554
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The LUXE experiment
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Backgrounds

Initial estimation of the backgrounds emerging from the dump with GEANT4:

• charged particles → bent by a magnetic field (1.5 T of 1 m)

• real photons → N2γ ≈ 8 × 102

• fake photons → N2n ≈ 5 × 108 
→ Nnγ ≈ 1 × 106 

RD
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LUXE QED
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Simulated signal event

10 cm
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Simulated signal event

Exploit timing and 
inter-layer correlations.

10 cm
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BIB characteristics
2105.09116

http://arxiv.org/abs/2105.09116
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BIB rejection: timing

Corrected time 

2102.11292 

https://arxiv.org/abs/2102.11292
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BIB rejection: stub tracks
𝛘±BIB

Luminous region

Δθ 

Δθ 

2102.11292 

https://arxiv.org/abs/2102.11292
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Expected signal production rates
At the MuC 10

2102.11292 

https://arxiv.org/abs/2102.11292
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Event selection
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Expected sensitivity
Pure higgsino models at MuC 10

3 TeV detector1.5 TeV BIB overlayExtrapolated to 10 TeV


