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TrackML team
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Laurent Basara*, Cécile Germain*, Victor Estrade* (LAL/LRI, U Paris 
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David Rousseau, Yetkin Yilnaz (LAL Orsay, U Paris Saclay)
Paolo Calafiura, Steven Farrell, Heather Gray (LBNL Berkeley)
Vava Gligorov (LPNHE Paris)
Vincenzo Innocente, Andreas Salzburger (CERN)
Tobias Golling, Moritz Kiehn, Sabrina Amrouche* (U Genève)
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Mikhail Hushchyn*, Andrey Ustyuzhanin* (Yandex) 

*Machine Learning
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LHC purpose in a nutshell
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Collision de protons

Einstein jeune: E=mc2

Conversion de l’énergie 
cinétique en masse.

Création de nouvelles
particules, d’une centaine
de sortes

La plupart se désintègrent
immédiatement
_Il n’en reste que de 
~6 sortes, 
qui vont traverser
le détecteur. 
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LHC proton Bunch collision

many p many p

~15 cm
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Tracking Challenge primary
motivation
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Tracking motivation
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?
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Current situation

Tracking 

• High luminosity means high pileup 
• Combinatorics of charged particle tracking become 

extremely challenging for GPDs 
• Generally sub-linear scaling for track reconstruction 

time with m 

• Impressive improvements for Run 2, but we need to go 
much further 

23

2
m

Point precision ~5 µm to 3mm

100k points   10k tracks / event

10-100 billion events/year
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Connecting the dots but 
- 3 dimensions
- 100’000 points into 10’000 tracks

è
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Why is it difficult?
q100’000 to group into 10’000 tracks of 10 points

o è~10500’000 combinations
o ⇒brute force has (really) no chance

qPrecision of the points : ~50µm on a volume 
~40 m3

o è3 1014 voxels!
o 2D projection è2 109 pixels !
o ⇒ image recognition algorithm have (really) no 

chance
qNot a classical problem
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TrackML in a nutshell
q Accurate simulation engine (ACTS https://gitlab.cern.ch/acts/acts-core) to 

produce realistic events
o One file with list of 3D points 
o Ground truth : one file with point to particle association
o Ground truth auxiliary : true particle parameter (origin, direction, curvature)
o Typical events with ~200 parasitic collisions (~10k tracks, 100kpoints)

q Large training sample 10k events, 0.1 billion tracks, 1 billion points, ~100GByte
q Accuracy phase (May to August 2018) on Kaggle

o Participants are given the test sample (without the ground truth) and run their 
evaluation to find the tracks
§ A track is a list of 3D points

o They should upload the tracks they have found
o Score : fraction of points correctly grouped together
o Evaluation on test sample with per-mille precision on 100 event

q Throughput phase  Sep 2018 to March 2019 on Codalab
o Participants submit their code (evaluation code, they do training on their own)
o Strong CPU incentive in the score
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Classic HEP Algorithms
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z

r

q Pattern : connect 3D points into tracks
q Essentially combinatorial approach
q Tracks are (not perfect) helices pointing (approximately) to the origin
q Challenge : explore completely new approaches
q (not part of the challenge : given the points, estimate the track 

parameters) 
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Detector : layout
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Long strips

Short strips

Pixels
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Visualisation spin-off

q Visit at CERN Tobias Isenberg visualisation scientist at LRI-Orsay 
with PhD student Xiyao Wang (btw contact established through
CDS Pitching Day 2015!)

q Will use TrackML dataset to experiment with
visualisation/interaction with Microsoft’ Hololens

TrackML, David Rousseau, 28/11/2018, CDS Pitching Day



18

Datasets

qHit file   (measured position mm)                
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qTruth file    ( true position mm                    particle momentum GeV )
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Datasets
q Particle file  origin vertex (mm) momentum (GeV)               charge
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q (static)Detector file  center position (mm)               3x3 rotation matrix

(note : we do not ask participant to reconstruct these track parameters but 
these could be useful latent variables)
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Score
q 2017 CMS tracker Technical Design Report : Chapter 6 expected

performance 31 pages 58 figures
q ATLAS Si strip Technical Design Report Chapter 4 ITk Performance 

and Physics Benchmark Studies 54 pages 80 figures
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Track evaluation
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Big decision : score is ~ « the weighted fraction of 
points correctly associated »

We usually talk about tracks
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Submission
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Results
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Evolution of leaderboard
Best 100 over 656 participants
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Leaderboard
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Scores
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Wilcoxon rank test
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Primary track efficiency Nedelko #20
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Primary track efficiency : starting
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Primary track efficiency : best after 3 weeks
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Primary track efficiency TopQuarks #1
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Secondary efficiency Nedelko #20
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Secondary efficiency TopQuarks #1
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Scrutinizing submission
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Trouble handling +π,- π wrapping…
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Conclusion on submission analysis

qWhile optimising a single score, 
participants have indeed optimised on our
domain knowledge criterions !
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A few competitors
q icecube #1 92.2 % (master student) : combinatorial

approach, with a bit of ML
q outrunner #2 90.3%  Deep Learning approach

o Very innovative!
o But also combinatorial : takes one full day per event ! 

q Sergey Gorbunov #3 89.4% demelian #4 87.1% : HEP 
tracking trigger experts

q Yuval & Trian #7 80.4% : innovative clustering
q CPMP #9 80.1% : DBSCAN unsupervised clustering

algorithm
o we gave DBSCAN in starting kit, with a 20% score, because in 

only required a few lines
q Finnies #12 74.8% : uses LSTM
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Merge
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#7 Yuval & Trian
Hough transform with 2 parameters (instead of 5 for an helix) 5):

TrackML, David Rousseau, 28/11/2018, CDS Pitching Day

q Now one could do :
1. Randomly select a curvature rho
2. 1D Histogram phi for this rho
3. =>pick the tracks for this rho
4. Merge with tracks already found
5. Iterate to 1  

q This is ~ what Yuval & Trian are doing
o Randomise 2 parameters
o Histogram in 3 dimensions

2D clustering

phi



Throughput Phase

Launched 6th Sep 2018 until 12th March 2019 on 
Codalab
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Dataset
qNot identical
qDetector is the same
qSimplification:

o Only primary particles enter the scoring (much less
particles not pointing approximately to 0 0 0 )

qFeatures fix
o Beam spot sigma_z 5.5mmè5.5 cm
o Module thickness halved
o Looping particles removed
o Electrons multiple scatterign fixed (was causing 0.5% 

« crazy » tracks
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Schematic
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Throughput on-going results
q Ranking score : 

o 0 if time >600 s or accuracy <50%
o √log(1 + 600/time) ∗ (accuracy − 0.5)2

q Documented software of first phase #1 #2 #3 #7 #9 #11 #12 released
o Can be used as starting point but need retuning

q èso far a couple of very fast participants 
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fastrack
cubus

Taka

fastrack

cubus



45

Throughput phase LB
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Conclusion
q Contact : trackml.contact@gmail.com
q https://sites.google.com/site/trackmlparticle
q Twitter : @trackmllhc
q Accuracy phase @ Kaggle : https://www.kaggle.com/c/trackml-

particle-identification
o Different approaches identified, sometimes new in the field
o Now working on decyphering/combining them

q Throughput phase @ Codalab : 
https://competitions.codalab.org/competitions/20112
o Still running till 12th March, you can still participate !!!
o Leaderboard prices #1 7k$ #2 5k$ #3 3k$ 
o Special Jury prizes : another Nvidia V100, two CERN invites
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