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The “Connecting the Dots” series of workshops
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The Connecting The Dots workshop series brings together experts on track reconstruction and other problems involving 
pattern recognition in sparsely sampled data. While the main focus will be on High Energy Physics (HEP) detectors, 
the Connecting The Dots workshop is intended to be inclusive across other scientific disciplines wherever similar problems 
or solutions arise. 



L2IT in 2020
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The Lab was created by 
Paul Sabatier University and
IN2P3 / CNRS in January 2020
with initially 4 members.

Jan Stark



… and now
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L2IT

Jan Stark

As of today: 27 members 



Research at L2IT
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What is the shape of the 
Higgs potential ?
→ its origin
→ its role during the first instants 

of the Universe
(electroweak baryogenesis ?,
emission of gravitational waves ?)

How does nuclear matter 
behave under extreme conditions 
(density, pressure) ?

→ compact stars
→ impact on the emission of

gravitational waves and 
neutrinos

How do gravitational waves 
propagate in the Universe ?
→ information on the nature of 

dark energy ?
→ modified gravitation ?

Development of new methods 
for simulation and data analysis 

ATLAS

FAZIA at GANIL

Virgo

LISA



Updates from LHC experiments
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(link to talk)

CMS: track reconstruction with mkFit
(link to talk)

Also: talk on Long-Lived Particle triggers 
in the LHC Run 3 (link)

Updated expected tracking performance of the 
ATLAS Inner Tracker Upgrade for Phase-II

mkFit is in production 
since start of Run 3

https://indico.cern.ch/event/1252748/contributions/5521515/
https://indico.cern.ch/event/1252748/contributions/5521491/
https://indico.cern.ch/event/1252748/contributions/5554994/


Updates from LHC experiments and Belle II
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First experience with the LHCb heterogeneous software trigger
(link to talk)

Belle II track finding using precise timing information
(link to talk)

No hardware trigger
HLT1 runs on GPUs !

HLT1 is able to find 
mass peaks in real time !

Shown here: D0 → K −  𝛑 +

https://indico.cern.ch/event/1252748/contributions/5521442/
https://indico.cern.ch/event/1252748/contributions/5521436/


ACTS is everywhere
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(link to talk)

https://indico.cern.ch/event/1252748/contributions/5521515/


ACTS is everywhere
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(link to talk)CEPC, tracking using ACTS

ACTS-based track reconstruction for
Open Data Detector (link to talk)

FASER (LLP detector at LHC)
tracking with ACTS

plot from alignment studies 

(link to talk)

Combining GNN and Kalman filter
in ACTS

(link to talk)

https://indico.cern.ch/event/1252748/contributions/5521504/
https://indico.cern.ch/event/1252748/contributions/5521502/
https://indico.cern.ch/event/1252748/contributions/5521476/
https://indico.cern.ch/event/1252748/contributions/5521546/


Graph Neural Networks (GNN)
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Say “GNN” one more time, I dare you !

Photo: “Pulp Fiction” (Miramax)

One colleague suggested 
I show you a slide like this.



Graph Neural Networks (GNN)
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Say “GNN” one more time, I dare you !

Photo: “Pulp Fiction” (Miramax)

One colleague suggested 
I show you a slide like this.

But jokes apart, GNN are an extremely powerful tool that will likely have a huge impact on our field.



Graph Neural Networks (GNN)
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Data from HEP detectors in general, 
and tracking detectors in particular, are sparse.

ATLAS ITk tracker at HL-LHC:
9 billion channels 
“only” 300k hits in one given event

The detectors are inhomogeneous
(combine different technologies) 
and have complex geometry.

Such data are hard to represent as images.

Graphs are a natural tools to represent such data.
GNNs are neural networks that operate on 
graphs of any topology and complexity.



GNN
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Physics Performance of the ATLAS 
GNN4ITk track reconstruction chain
(link to talk)

GNN can readily be run massively 
parallel on GPUs.

This is not obvious for classical algorithms
(in particular the Kalman filter with
Navigation in complex detector geometries).

ITk = new inner tracker
         ATLAS HL-LHC

Competitive physics performance … including in dense environments (jets)

https://indico.cern.ch/event/1252748/contributions/5576737/


GNN
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GNN-based pipeline for track finding in the Velo at LHCb

(link to talk)

Allen: current HLT1,
classical algorithms on GPU

Ext4velo: 
ML algorithm (GNN-based)
on GPU

https://indico.cern.ch/event/1252748/contributions/5521484/


Data from detectors other than trackers
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CMS at HL-LHC: HGCAL (high-granularity calorimeter) Reconstruction in LArTPC detectors (link to talk)

Kalman filter for muon reconstruction in HGCAL (talk)

k4Clue clustering algorithm (talk)

https://indico.cern.ch/event/1252748/contributions/5521490/
https://indico.cern.ch/event/1252748/contributions/5521527/
https://indico.cern.ch/event/1252748/contributions/5521469/


Data from detectors other than trackers
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Application of HEP track reconstruction methods 
to Gaia data (link to talk)

The RadMap Telescope onboard the International
Space Station (1024 scintillating plastic fibres)

Identify different isotopes 
in the space radiation

NN-based event reconstruction

(link to talk)

https://indico.cern.ch/event/1252748/contributions/5521488/
https://indico.cern.ch/event/1252748/contributions/5521494/


“Blue sky”
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Object condensation (GNN, non-quantum)
- for track reconstruction at the HL-LHC

(two talks: link and link)
- for end-to-end reconstruction in 

highly granular calorimeters (talk: link)
Application of Quantum Annealing with Graph Neural Network
preselection in Particle Tracking at LHC (link to talk)

Reconstructing charged particle track segments with a quantum-enhanced support vector machine (SVP) (link to talk)

https://indico.cern.ch/event/1252748/contributions/5521458/
https://indico.cern.ch/event/1252748/contributions/5520692/
https://indico.cern.ch/event/1252748/contributions/5521495/
https://indico.cern.ch/event/1252748/contributions/5521523/
https://indico.cern.ch/event/1252748/contributions/5561963/


Co-located mini-workshop on real-time tracking
(on “triggering using tracks”)
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From the (excellent) introductory talk (link):

https://indico.cern.ch/event/1290426/contributions/5582374/


Conclusions/observations
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- Workshop format, no parallel sessions

- Excellent mix of material from running experiments,
R&D and “blue sky” studies

- Lots of new material released just in time for the workshop

- This was a lively workshop. Discussions all the time 
(sessions, breaks, social events, …)

- Very young audience.

A big “thank you” to all participants. 



Additional material
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(clickable link)

https://doi.org/10.1038/s42254-023-00569-0


Object condensation tracking
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(link to talk)

https://indico.cern.ch/event/1252748/contributions/5521458/
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(link to talk)

https://indico.cern.ch/event/1252748/contributions/5521484/


Research topics at L2IT
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What is the shape of the 
Higgs potential ?
→ its origin
→ its role during the first instants 

of the Universe
(electroweak baryogenesis ?,
emission of gravitational waves ?)

How does nuclear matter 
behave under extreme conditions 
(density, pressure) ?

→ compact stars
→ impact on the emission of

gravitational waves and 
neutrinos

How do gravitational waves 
propagate in the Universe ?
→ information on the nature of 

dark energy ?
→ modified gravitation ?

Development of new methods 
for simulation and data analysis 

Jan Stark
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Gravitational waves

Future
LISA mission
(3 satellites)

Virgo detector



Research topics at L2IT
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Nuclear physics

INDRA-FAZIA experiment at
Grand Accélérateur National d’Ions Lourds 
(GANIL, Caen)



Research topics at L2IT
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Physique des particules

ATLAS experiment at CERN
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Defining feature:
Focus on novel analysis methods

Modelling, simulation and modern analysis techniques are the main 
focus of L2IT. 

We are developing these innovative aspects of research in the fields of 
nuclear and particle physics and cosmology, in close collaboration 
with experts from Toulouse's ecosystem of research in computing, 
artificial intelligence, physics, astronomy and astrophysics.


