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Tracking challenges at HL-LHC

T. Strebler – ICHEP 2022

• Tracking is a key ingredient for full 
event reconstruction: used for almost 
every physics object reconstruction or 
identification

Primary vertex
reconstruction

Pile-up removal Jet flavour-tagging

• Track reconstruction from detector hits complex combinatorial problem 
=> very challenging in HL-LHC pile-up conditions

- larger hit combinatorics (CPU, fake rate)
- wrong cluster-track association (track parameter resolution)

• Main requirements:
- high efficiency
- precise track parameter estimations
- very low fake rate
- within computing budget
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ATLAS Phase-II Inner Tracker upgrade

T. Strebler – ICHEP 2022

• To g u a r a n t e e t r a c k i n g 
performance + good data-taking 
conditions, full replacement of 
ATLAS tracking detectors with 
new all-silicon Inner Tracker 
(ITk)

• Extended tracking acceptance up to |η|=4:
- increased lepton reconstruction + jet flavour-

tagging acceptance
- improved pile-up suppression

Outer strip detector: 4 barrel layers + 6 end-cap disks 
(double-sided)

Inner pixel detector: 5 barrel layers + inclined and 
vertical rings

- innermost layer (L0) at radius ~34 mm [IBL 
33.25mm]

- pixel pitch: 25x100 μm2 for L0 barrel / 50x50 μm2 
elsewhere [IBL 50x250 μm2]
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Tracking efficiency and fake rate

T. Strebler – ICHEP 2022
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• Excellent tracking performance achieved 
thanks to optimal exploitation of ITk layout
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• Inclusive tracking efficiency at μ=200 for 
particles with pT>1 GeV within 5% of Run-2 
efficiency at μ=38 (dominated by hadrons from 
pile-up)

• Very high track purity achieved, exploiting 
optimised seeding strategy + hit requirements (≥ 9 
expected): negligible fake rate O(10-4) associated 
with linear increase in number of tracks with number 
of interactions

Run-3 performance already 
improved wrt Run-2

ATL-PHYS-PUB-2021-024 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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Tracking resolutions

T. Strebler – ICHEP 2022

4− 3− 2− 1− 0 1 2 3 4
η true track 

1

10

210

310m
]

µ
) [ 0

(d
σ

 Simulation PreliminaryATLAS
=14 TeV, HL-LHCs

ITk Layout: 23-00-03
 = 100 GeV

T
, pµSingle 

Run-2
ITk

4− 3− 2− 1− 0 1 2 3 4
ηTruth 

0
0.2
0.4
0.6
0.8

1
1.2
1.4

IT
k 

/ R
un

-2
   

  4− 3− 2− 1− 0 1 2 3 4
η true track 

1

10

210

310

410m
]

µ
) [ 0

(z
σ

 Simulation PreliminaryATLAS
=14 TeV, HL-LHCs

ITk Layout: 23-00-03
 = 100 GeV

T
, pµSingle 

Run-2
ITk

4− 3− 2− 1− 0 1 2 3 4
ηTruth 

0
0.2
0.4
0.6
0.8

1
1.2
1.4

IT
k 

/ R
un

-2
   

  

• Improved impact parameter resolutions wrt 
current detector thanks to smaller pixel pitch
=> instrumental for pile-up rejection and jet 
flavour-tagging

• Improved transverse momentum resolution 
thanks to better silicon strip sensors resolution in 
bending direction, compared to current TRT 
detector

ATL-PHYS-PUB-2021-024 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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Impact of ITk layout on tracking performance

T. Strebler – ICHEP 2022

• To allow for contingency with tight HL-LHC 
schedule, options for staged-installation of 
ITk Pixel detector investigated in particular 
for outermost layer
=> opportunity to confirm impact of ITk 
layout on tracking performance
Options not pursued ultimately

• Extra redundancy brought with five pixel 
layers ensures much better robustness 
against detector defects
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• With five layers, possibility to implement quality 
criteria at early stage to reduce combinatorics 
and CPU
=> critical element for trigger reconstruction 
(fast tracking)

ATL-PHYS-PUB-2021-040 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-040/
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Vertexing performance

T. Strebler – ICHEP 2022
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• Ultimate pile-up scenario <μ>=200 associated with significant 
increase in local pile-up density around primary vertex

• Use of Adaptive Multi-Vertex Finder and Fitter (AMVF) 
reconstruction algorithm for Run 3 for improved efficiency and pile-up 
robustness

• Excellent AMVF vertexing performance confirmed even in 
challenging HL-LHC conditions

• Direc t impact on object 
performance relying on 
prec ise pr imary ver tex 
reconstruction:

- lepton isolation
- pile-up jet rejection
- flavour-tagging

ATL-PHYS-PUB-2021-024 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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Jet-tagging performance

T. Strebler – ICHEP 2022
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• Pile-up jet rejection performance directly connected to z0 
resolution: better performance in central region with lower 
material

• Dramatic improvement in forward region with respect to 
Run 2 with no tracking coverage for current detector (PU jet 
rejection based on calorimeter timing)
=> direct impact on VBF/VBS analyses

• Impact-parameter based flavour-
tagging algorithm (IP3D) directly 
benefits from improved ITk IP 
resolutions + track categorisation 
optimised for new detector layout

• Drives improvement in high-level 
MVA tagger (MV2 BDT-based)

• Ongoing work to adapt most recent 
FTAG algorithms based on Deep-
Learning methods
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-014/
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Tracking reconstruction beyond primary interaction

T. Strebler – ICHEP 2022
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• Default tracking reconstruction optimised for charged particles 
produced in primary interaction or secondary vertices with 
limited displacements (𝛕 or B-hadron decays)

• Secondary passes through left-over space-points aimed at 
reconstructing charged particles with larger displacement:

- photon conversion reconstruction seeded by EM calo cluster
- long-lived particle decay products with Large Radius Tracking 

(LRT)
=> efficient reconstruction algorithms adapted to ITk

ATL-PHYS-PUB-2021-024 ATLAS-TDR-029-ADD-1 

F i r s t I T k 
Strip layer

Offline reconstruction
= default + LRT

Trigger 
reconstruction
= default + LRT

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
https://cds.cern.ch/record/2802799


Metric 
Learning

Module
Map

or

Graph Neural
Network

Connected
Components

Connected
Components

+ Walkthrough

or
𝑣0𝑘+1 = 𝜙(𝑒0𝑗𝑘 , 𝑣𝑗𝑘, 𝑣0𝑘)

𝑣1𝑘 𝑣2𝑘

𝑣3𝑘 𝑣4𝑘

𝑒01𝑘 𝑒02𝑘

𝑒03𝑘 𝑒04𝑘

Graph
Construction

Edge
Labeling

Graph
Segmentation

Hits Graph Edge Scores Track Candidates

1 2 3

10

Software developments

T. Strebler – ICHEP 2022

• For Run 4, ATLAS tracking reconstruction software to be updated to use 
detector-generic software library ACTS
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• Will thus benefit from:
- optimised and efficient code design, instrumental to fulfil Run 4 CPU 

constraints
- improved maintainability
- potential automated tracking 

configuration optimisation
- modularity to investigate machine-

learning-based approaches for track 
reconstruction

IDTR-2022-04 

CERN-LHCC-2022-005 

IDTR-2022-01 

= hit-matching > 50%
= hit-matching = 100%

https://arxiv.org/abs/2106.13593
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2022-04/
https://cds.cern.ch/record/2802918
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2022-01/
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Conclusion

  

T. Strebler – ICHEP 2022

• ITk detector will face unprecedented challenges for tracking reconstruction: sizeable increase in 
detector occupancy due to increased pile-up

• Excellent tracking performance expected, both for particles produced in primary interaction or 
displaced vertices, directly benefitting from optimised ITk detector layout and years of experience 
in tracking reconstruction with current ATLAS detector

• Major evolution from the software side expected over the next years through migration to ACTS 
software suite

• Will directly benefit to high-level object reconstruction and identification and ultimately to 
sensitivity of physics analyses with datasets collected at HL-LHC

https://indico.cern.ch/event/749080/attachments/1760209/2865080/LPCCSeminar_Dobur.pdf
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Back-up

T. Strebler – ICHEP 2022
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ATLAS Phase-II Inner Tracker upgrade

T. Strebler – ICHEP 2022
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Tracking efficiency and fake rate

T. Strebler – ICHEP 2022 ATL-PHYS-PUB-2021-024 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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Tracking resolutions

T. Strebler – ICHEP 2022 ATL-PHYS-PUB-2021-024 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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Impact of ITk layout on tracking performance

T. Strebler – ICHEP 2022 ATL-PHYS-PUB-2021-040 
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Impact of ITk layout on tracking performance

T. Strebler – ICHEP 2022
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• No outermost layer

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-040/
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Vertexing performance

T. Strebler – ICHEP 2022 ATL-PHYS-PUB-2021-024 
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Jet-tagging performance

T. Strebler – ICHEP 2022 ATL-PHYS-PUB-2021-024 
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• Secondary-vertex-based b-tagging algorithms

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/

