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Introduction
While searches for new physics have observed no hints of 

signal to date, there are reasons for optimism including
 Ever-increasing size of the Run 3 dataset 
 Development of ever more powerful analysis techniques 
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 This talk focuses 
on recent ATLAS 
results testing new 
physics models 
that predict 
unconventional 
detector 
signatures



Search for Displaced Heavy Neutral Leptons

 Physics – Type-1 seesaw models of 
neutrino mass that predict heavy 
neutral leptons (HNL)
 Both single flavor HNL (1SFN) and two 

nearly mass degenerate HNLs (2QDH) 
scenarios are considered

 Signature – Prompt lepton plus a 
displaced vertex, either ℓℓ or ℓ𝜋𝜋

Unconventionality – Significantly 
improved large radius track (LRT) 
reconstruction
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Displaced Heavy Neutral Leptons Analysis
 Signal and control region (CR) definitions

 Main backgrounds are heavy flavor (HF) decays and QCD multijet 
production

 For HF, estimated using Monte Carlo and fit in the SR and HF CR’s 
 For multijet, estimated using data using the two SB regions
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Displaced Heavy Neutral Leptons Analysis

 Results from background-only fits in control and signal regions

 No significant excess observed, proceed to 𝐶𝐶𝐶𝐶𝑠𝑠limits
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Displaced Heavy Neutral Leptons Results
 95% CL limits are set for the two different mixing scenarios 

and different mixing values for Majorana and Dirac HNL

 This measurement provides improved sensitivity to low 𝑀𝑀𝑁𝑁 
values compared to the previous ATLAS search owing to LRT 
tracking improvements
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arXiv:2503.16213

https://arxiv.org/abs/2503.16213


Search for s-channel Semi-visible Jets

 Physics – Models of a dark sector 
in Hidden Valley theories
 𝑍𝑍′mediator produces a pair of dark 

quarks
 Dark hadrons produced in 

hadronization can remain dark 
(invisible) or decay into SM particles 
(visible) controlled by 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

 Signature – Resonant s-channel 
production of two semi-visible jets

Unconventionality – Missing 𝐸𝐸𝑇𝑇 
aligned with the jet axis
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arXiv:2505.01634
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Semi-visible Jets Search Analysis

 Two analysis approaches
 Supervised Machine Learning 

(ML) (Particle Flow Network or 
PFN)

 Semi-supervised (Anomaly 
Detection or AD)  

 Transverse mass 𝑚𝑚𝑇𝑇 (two jets 
and 𝐸𝐸𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) is the discriminating 
variable

 The main background is QCD 
multijet events, and the shape is 
determined using a data-driven 
functional fit
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 Signal, validation, and 
control region 
definitions make use of 
sub-leading jet width 
(𝑊𝑊𝑗𝑗𝑗) and ML scores 

𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠



Semi-visible Jets Search Analysis

 Particle Flow Network
 Classifies between semi-visible jets and SM jets
 Inputs are six features of tracks associated with leading and 

sub-leading jets (up to 80 tracks for each jet)
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Semi-visible Jets Search Results
 No excess of events is 

observed in the transverse 
mass distribution using either 
PFN or AD strategies

 95% CL upper limits excludes 
𝑚𝑚𝑍𝑍′from 2000 to 3200 GeV 
for 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 from 0.37 to 0.2
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https://arxiv.org/abs/2505.01634


Search for (Displaced) Emerging Jets
 Physics – Dark QCD models with 

resonant (𝑍𝑍′) and non-resonant (bi-
fundamental mediator Φ) production 
of dark quarks 
 Dark mesons produced in hadronization 

with weak coupling to the SM will acquire 
longer proper lifetimes 

 Signature – Large R dijets with 
displaced vertices

Unconventionality – Jets containing 
displaced vertices
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arXiv:2505.02429

https://arxiv.org/abs/2505.02429


Emerging Jets Analysis

ML-based approach uses a 
transformer jet tagging 
algorithm
 Input is jet 𝜂𝜂 and 15 track 

variables for up to 200 associated 
tracks
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 Background from SM jets is 
estimated using mistag rates 
determined from data in CR

 Rates are calculated 
differentially using jet 𝑝𝑝𝑇𝑇 and 
jet prompt track fraction (PTF) 𝑃𝑃𝑃𝑃𝑃𝑃 =

∑𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟⊆∆𝑅𝑅<1.2 𝑝𝑝𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑝𝑝𝑇𝑇
𝑗𝑗𝑗𝑗𝑗𝑗

𝑚𝑚𝑗𝑗𝑗𝑗 < 1 𝑇𝑇𝑇𝑇𝑇𝑇 𝑚𝑚𝑗𝑗𝑗𝑗 > 1 𝑇𝑇𝑇𝑇𝑇𝑇



Emerging Jets Partial Run 3 Results
No significant excess observed above expected background
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Systematics generally
 less than 20%

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑎𝑎𝑎𝑎 𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑚𝑚𝑍𝑍′  𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝜏𝜏𝜋𝜋𝜋𝜋 𝑚𝑚𝑍𝑍′  𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑢𝑢𝑢𝑢 𝑡𝑡𝑡𝑡 2.5 𝑇𝑇𝑇𝑇𝑇𝑇
𝑚𝑚Φ 𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑢𝑢𝑢𝑢 𝑡𝑡𝑡𝑡 1.35 𝑇𝑇𝑇𝑇𝑇𝑇

arXiv:2505.02429

https://arxiv.org/abs/2505.02429


Search for Displaced Jets in the 
 Muon Spectrometer 

 Physics - Scalar portal models including 
Hidden Valley, baryogenesis, axion-like 
particles (ALP), and dark photons

 Signature – One displaced vertex in the 
Muon Spectrometer (MS)

Unconventionality – Dedicated vertex 
reconstruction algorithm in MS
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arXiv:2503.20445Phys. Rev. D 106 (2022) 032005

https://arxiv.org/abs/2503.20445v1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.032005


Displaced Jets in the 
 Muon Spectrometer Analysis

 Vertex reconstruction uses MS track segments to 
form tracklets, which are then used to find vertices

 ALP and dark photon channels additionally require 
opposite-sign, same-flavor lepton pair with 𝑍𝑍 mass
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JINST 9 (2014) P02001

tracklet

https://iopscience.iop.org/article/10.1088/1748-0221/9/02/P02001


Displaced Jets in the 
 Muon Spectrometer Results

 The background from punchthrough jets is estimated using the 
ABCD method with two independent Neural Network scores
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𝐵𝐵𝐵𝐵 𝑓𝑓𝑓𝑓𝑓𝑓 𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻
> 1% 𝑎𝑎𝑎𝑎𝑎𝑎 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 

𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝜏𝜏 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 0.05 𝑡𝑡𝑡𝑡 40𝑚𝑚

𝑍𝑍 + 𝐴𝐴𝐴𝐴𝐴𝐴 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡 
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 
𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐 > 0.1m

𝑍𝑍 + 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓𝑓𝑓 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝arXiv:2503.20445

https://arxiv.org/abs/2503.20445v1


Conclusions
 Recent searches for new phenomena of heavy neutral 

leptons, semi-visible jets, emerging jets, and displaced 
jets in the Muon Spectrometer were presented

 Time was too brief to cover other recent unconventional 
searches
 Weakly-supervised anomaly detection
 Search for long-lived particles with Pixel dEdx and low beta or 

two highly-ionizing tracks

 The large Run 3 dataset and new analysis techniques may 
discover or extend the limits of searches for new physics 
with unconventional detector signatures 
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arXiv:2502.09770

arXiv:2502.06694

https://arxiv.org/abs/2502.09770
https://arxiv.org/abs/2502.06694


Backup
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Semi-visible Jets Search Analysis

 Semi-supervised ML (AD)
 Broadens signal coverage
 Identifies “abnormal” events in the data
 PFN first creates a permutation invariant space basis that is then 

input to the variational encoder in Step 2
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𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠



Semi-visible Jets Search Results
 No excess is 

observed in either 
the supervised (PFN) 
or semi-supervised 
(AD) ML approaches

 95% CL 𝐶𝐶𝐶𝐶𝑠𝑠upper 
limits excludes 
𝑚𝑚𝑍𝑍′from 2000 to 
3200 GeV
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
𝜇𝜇𝐴𝐴𝐴𝐴
𝜇𝜇𝑃𝑃𝑃𝑃𝑃𝑃

 shows the AD 

performs better for 
alternative signal 
models 

𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 is the relative amount of invisible energy arXiv:2505.01634

https://arxiv.org/abs/2505.01634


Displaced Jets in the 
 Muon Spectrometer Analysis

 Primary background is 
vertices from punch-through 
jets
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 Background is estimated using the 
ABCD method two uncorrelated 
NN scores as variables
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