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The LHC experiments
can only reconstruct
prompt physics objects




Prompt Region

Muon Spectrometer

® [he prompt region Is very
small compared to the entire
detector volume!

Hadronic Calorimeter

Electromagnetic Calorimeter

Solenoid Magnet

Transition Radiation Tracker

Pixel & Silicon-Strip Detectors
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Long-lived Particle Search

..... neutral displaced B BSM
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Figure credit: J. Antonelli

* |n fact, we have a
very broad LLP
search program

® [his summary wheel
was made more than
a decade ago

e Nowadays It Is even
more comprehensive

e But let me focus on
the Inner detector
today




Large Radius Tracking

® [0 boost the sensitivity to LLP
signatures, ATLAS developed a special
tracking iteration

e [he Large Radius Tracking (LRT)
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Large Radius lracking

e [he LRT uses unused hits after the
standard tracking (STA)

e Ensure orthogonality

e Optimised for charged particles from
LLP decays

e |dy| max: 5 mm (STA) to 300 mm
* |z9| max: 200 mm (STA) to 500 mm

e Allhits

Interaction Point
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Large Radius [racking

e [he LRT uses unused hits after the
standard tracking (STA)

e Ensure orthogonality

e Optimized for charged particles from
LLP decays
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* |z9| max: 200 mm (STA) to 500 mm
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Successfully applied in many ATLAS Run 2 LLP

searches [ATL-PHYS-PUB-201 7-014 !

standard tracking (STA)
e Ensure orthogonality

e Optimized for charged particles from
LLP decays

e |dy| max: 5 mm (STA) to 300 mm
* |z9] max: 200 mm (STA) to 500 mm

:, Standard Tracklng (STA)
= =" Large Radius Tracking (LFm |
Unused hits used by LRT |

Hits used by STA
INnteraction Point
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/

VH4b Dedicated LLP Search

e Searching for VH( — aa — 4b)
where the light scalar a has an
intermediate lifetime

o With LRT, we were able to
reconstruct those displaced
vertices from long-lived a decays

o \\Ve Instantly appreciate the power

o

d
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" dedicated reconstruction

gorithms

Gap filled!
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https://link.springer.com/article/10.1007/JHEP11(2021)229
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,; \ — / Filter (~10%) * Reconstruction » |
;- r— ° with LRT

/e \ =

Trigger » Standard * ',
99 Reconstruction ‘

‘ Previous

e BUI! [t was not ideal.

e [he original LRT has a very high take rate which explodes the computing
time and disk storage

e Only ~10% of the data can be processed, and it requires tedious
technical work to actually use it in the analysis

Bingxuan Liu
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Large Radius Iracking

Tighten selectior

reconstruction

Generic ATLAS
Tracking Iteration

Space Point
Formation

Run 3 Version

S at various stages of the track
compared to Run 2 version

L\

Ambiguity TRT

Solving Extension

Only SCT seeds Prioritize confirmed seeds:
are used instead of A seed (1-2-3) is confirmed by

SCT || Pixel

Change seeds
ranking to prioritize
signal like tracks

another (1-2-4)

Optimized to reduce

the fake rate
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Large Radius Tracking Run 3 VersionEur.Phys.J.C83(2023)1081
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https://link.springer.com/article/10.1140/epjc/s10052-023-12024-6

Large Radius Tracking Run 3 VersionEur.Phys.J.C83(2023)1081
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e A few magnitudes deduction of disk usage (>40 times smaller) and CPU
time (~10 times lower) compared to the legacy LRT algorithm.
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https://link.springer.com/article/10.1140/epjc/s10052-023-12024-6

LLP Search Paradigm Shift

e | RT is now turned on by default from now on
e | RT tracks are available in every reconstructed event

e The ATLAS LLPs search program will embrace a paradigm shift
shift

shiift

hlf shirt
> tshift
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LLP searches can be part of the
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Dramatical Improvements PRL 133 (2024) 161803

e The new LRT is applied to
the same Higgs to DVs
searches but:

e \More production channels
are included thanks to the
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.161803

Jets are normal



Dark shower Is Intriguing!

Confining force SU(N)
analogous to QCD

<

| Rich phenomenology
~+) depending on the dark
confinement scale, mass
hierarchy and decay
branching ratios




Dark showers are characterized with dark matter
candidates, displaced vertices and high decay multiplicity

Bingxuan Liu
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Jets with (a lot)
LLPs inside!!

Emerging jets:
Mmultiple displaced
vertices in the jets

JHEP 05 (2015) 059



https://link.springer.com/article/10.1007/JHEP05(2015)059
https://link.springer.com/article/10.1007/JHEP05(2015)059

Transformer-based Flavour Tagger
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. .. Transforming Jet Flavour Tagging at ATLAS

racks XM Phoacks X Ule T (Nature Commun. 17 (2026) 541)
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https://www.nature.com/articles/s41467-025-65059-6

24

Emerging Jets: GN2 Variation

Pooled graph

GNN representation
N — —[]

Graph
Network

N

Il

Node
Network

Conditional track \
representation

Edge
Network

Remapping the physic

domain knowledge:
displaced, prompt and fake

Jet flavour
prediction

Track origin
predictions

Vertex
predictions

Rep. Prog. Phys. 88 (2025) 097801
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https://doi.org/10.1088/1361-6633/adfe17

Emerging Jets: GN2 Variation Rep. Prog. Phys. 88 (2025) 097801
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well!

Background rejection

97.5% efficiency for a 1/2600
fake rate

't proves that physics inspired
constraints are powerful and
portable!
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https://doi.org/10.1088/1361-6633/adfe17

Emerging Jets: GN2 Variation Rep. Prog. Phys. 88 (2025) 097801
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; : variation achieves
sensitivities that are
almost two orders of
magnitude higher
compared to
traditional cut-based
approaches!!

95% CL upper limit on o(pp = gpqgp) [fD]



https://doi.org/10.1088/1361-6633/adfe17

We can reconstruct
displaced tracks, and we
can tag those weird jets
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EDITORS' SUGGESTION

Search for Light Long-Lived Particles in pp Collisions at /s = 13 TeV_Using
Displaced Vertices in the ATLAS Inner Detector

G. Aad et al. (ATLAS Collaboration)

Phys. Rev. Lett. 133, 161803 (2024) - Published 17 October, 2024

A search for long-lived particles at the LHC with a new scheme for reconstructing particle-tracks with
significantly displaced vertices results in an order-of-magnitude improvement in constraints.

PRL 133 (2024) 161803

Progress In series About R
f RESEARCH HIGHLIGHT
X ATLAS narrows the hunt for dark matter
in 28 Jan 2026 Lorna Brigham
Y A new search for emerging jets at CERN has ruled out key dark sector scenarios

Rep. Prog. Phys. 88 (2025) 097801

nature communications

Explore content v  About the journal v  Publish with us v

nature » nature communications » articles » article

Article Open access Published: 14 January 2026

* Transforming jet flavour tagging at ATLAS

The ATLAS Collaboration

| Nature Communications 17, Article number: 541 (2026) | Cite this article

6246 Accesses \ 5 Citations \ 240 Altmetric \ Metrics

Nature Commun. 17 (2026) 541
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https://doi.org/10.1088/1361-6633/adfe17
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.161803
https://www.nature.com/articles/s41467-025-65059-6
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2018: JHEP (2018) 31: Explore b-tagging on LLPs
2021 JHEP11(2021)229:. Higgs to DV search using old LRT

2024: PRL 133 (2024) 161803: Higgs to DV search using new LRT



https://link.springer.com/article/10.1007/JHEP10(2018)031
https://link.springer.com/article/10.1007/JHEP11(2021)229
https://link.springer.com/article/10.1140/epjc/s10052-023-12024-6
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.161803
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Also 7 years:
2019 2022 2024

Conceiving ATLAS Full
Idea Prototype Calibration

Performance work takes a long time

2026

Publication

nature communications

Explore content v  About the journal v  Publish with us v

nnnnnnnnnnnnnnnnnnn ications > articles > article

Article Open access Published: 14 January 2026
Transforming jet flavour tagging at ATLAS

The ATLAS Collaboration
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Thank You!




