
Long-lived particles (LLP) can have unique signatures and track-shapes inside the ATLAS detector , and existing conventional 
ATLAS triggers can become a limiting factor for physics searches looking for these LLP. As of Run-3, the ATLAS collaboration have 
implemented new tracking algorithms for the High Level Trigger (HLT). These new algorithms provides full detector tracking (without 
a need for region of interest (ROI’s)) and reconstruction of displaced tracks at HLT level. This was made possible with advancement in 
ATLAS algorithms and CPU technologies, and this allows ATLAS collaboration to look into a broad range of new triggers. 

Trigger on Displaced Leptons 
Large Radius Tracking (LRT) is 
used for triggering on displaced 
tracks. Depending on the target 
particle, different triggers are 
designed over these displaced 
tracks which differs both on 
their L1 seeds and RoI 
definitions. 


Each displaced particle trigger 
is seeded by their 
corresponding L1 trigger 
(electron of 30 GeV, muon of 20 
GeV) which is then used for 
seeding the large radius 
tracking ROI reconstruction.

Reconstructing Large Radius Tracks  
Long-lived particles that decay within 

 generate displaced tracks. 
Standard tracking algorithms including full scan 
tracking are designed to reconstruct prompt tracks, so 
an alternative tracking algorithm is needed to 
reconstruct these displaced tracks, called Large Radius 
Tracking (LRT).

The LRT tracks are reconstructed either:

	 1) Globally: From hits that are not associated to 
prompt tracks.

	 2) In an RoI seeded by a muon, electron or jet 
particle type in the trigger.

cτ ∼ 𝒪(0.01 − 100 mm)

Full Scan/Detector Tracking: 
The HLT level full scan tracking starts by reconstructing 
track-segments from two inner-detector hits. These 
track segments that share hits between them are then 
combined to form 3 hit track-segments. These 3 hit 
track-segments are then extended to adjacent layers 
and passed through track-fitter algorithms. 

 

The 2 and 3 hit track-segment reconstruction is a CPU 
intensive process, so a machine learning algorithm is 
developed to classify the 2 hit segments in-order to 
reduce the CPU usage.


Full scan tracking is now available at  , the 
triggers presented in this poster became a possibility. 

𝒪(10 kHz)

Trigger on Disappearing Tracks 
Charged LLP particles that decay inside the tracker  

 generate tracks that disappears. 

A dedicated trigger is designed to identify such events. 
This trigger reconstructs disappearing tracks, using the 
tracklets that fail standard tracking requirements. A BDT 
approach is used to reconstruct these tracks.


This trigger has near 100% signal efficiency vs 0.2% 
background efficiency for tracks that have at least 4 
pixels hits and around  vs  
signal efficiency for tracks with three pixel hits.

cτ ∼ 𝒪(1 − 1000 mm)

∼ 55 − 65 % ∼ 0.005 %

The new ATLAS triggers for  
long-lived particles  
that leave unconventional signatures  
in the tracking detectors
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Shown are the tracking efficiencies as a function of the Monte Carlo truth track %! for the ATLAS full detector tracking with " ̅" Monte Carlo 13 TeV and
mean pile-up interaction multiplicity of <$> = 80, for truth track %! > 3 GeV. The data points show the efficiency when using a machine learning
extension in the seed building stages of the fast tracking in the ATLAS pixel detector, prior to the track fitting. The dashed line shows the efficiency of
the standard seeding without the application of machine learning extensions. There is little deviation from the standard seeding with application of the
machine learning extensions, where the errors shown are statistical.
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Shown are the tracking efficiencies as a function of the Monte Carlo truth track ! for the ATLAS full detector tracking with " ̅" Monte Carlo 13 TeV and
mean pile-up interaction multiplicity of <$> = 80, for truth track %! > 3 GeV. The data points show the efficiency when using a machine learning
extension in the seed building stages of the fast tracking in the ATLAS pixel detector, prior to the track fitting. The dashed line shows the efficiency of
the standard seeding without the application of machine learning extensions. There is little deviation from the standard seeding with application of the
machine learning extensions, where the average tracking efficiency achieved was 93.9% and the greatest efficiency loss from the standard seeding is
at large |!|. The errors shown are purely statistical.
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Expected MC based tracking efficiencies as a function of truth track  and  for the ATLAS full detector tracking at 13 TeV with a pile profile of . 
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High Level Trigger for Disappearing Track
ATLAS Simulation Preliminary

Disappearing track trigger performance with respect to L1 MET trigger.
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Plots from: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults
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Other Trigger Possibilities: 
In the long run, the full scan and large radiue tracks would allow ATLAS collaboration to target other track based 

LLP signatures targeting other scenarios like:

	 1) Emerging Jet signatures for looking into dark-sector mesons/hadrons. 

	 2) Charge LLP particles that decay inside the detector and/or that are detector stable that can be identified as tracks with their high momentum or 
large dE/dx values. (Example: ATLAS SUSY dE/dx analysis) 

	 3) Identifying displaced vertices in events to identify neutral long-lived particles that decay inside ATLAS.
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The efficiency of full-scan (FS) large radius tracking (LRT) for the decay products of a 1.2 TeV R-hadron as a function of the truth transverse impact parameter (d0) and truth transverse decay radius.
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