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Introduction Charged particles
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hits from 1 particle fraction of hits  
from particles 

in 200 pile-up events



Tracking at LHC, HL-LHC and FCC-hh
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Pattern recognition is due to 
combinatorial behavior main CPU driver 
- many improvements done, but still missing a factor 5-10  
from trigger rate increase 

-

<µ>

CPU



Submission
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tables & illustration
(top) csv file format for validation hit dataset
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hits on track have weights

43

Hit weighting

David Rousseau,   CERN Seminar, 7th March 2018

qDefine : weight=weightorder x weightpt

q Weightorder: more emphasis on first and last hits
q Weightpt: more emphasis on high pT tracks
q Weight=0 for noise hits or hits from particle with <=3 hits

highest weight

high weight

mid weight

low weight

low weight



Submission & scoring
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Winning
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platform

online leaderboard

1. crazytrackers     0.89 
2. houghmods         0.877 
3. monsieurtraject   0.86 
4. 4fcc              0.772

1.

2. 3.$12000

$8000

$5000

jury for 
special prices

price money for phase I 
provided by kaggle 

time is up !



The challenge in 2 phases
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phase 1: accuracy phase

phase 2: throughput phase
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Phase 1 Accuracy



Phase 1 Winners
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Phase 1 Evolution of score over time
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score of the the starter kit 
(DBScan)

At final date:

0.92



Phase 1 Top Quarks
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Algorithm

• Select promising pairs
● 7 million / 0.99

• Extend pairs to triples
● 12 million / 0.97

• Extend triples to tracks
● 12 million / 0.95

• Add duplicate hits to tracks
● 12 million / 0.96

• Assign hits to tracks
● 90% of hits / 0.92

Main steps

Summary

• Mostly 3d geometry

• Logistic regression for track candidate 

pruning

• Complex approach - many di6erent ideas 

and algorithms
● Not very standard Kaggle approach

• Pure C++, some scikit-learn for training

• Final model reached 0.92 score
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Phase 1 Top Quarks
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Pure ML approach using python & Keras 
- Event with N hits 
- predict N x N relationships between hits, connect pairs when  

their probability is 1 (rather than 0) 

Training: 
- 5 hidden layers with 4k - 2k - 2k - 2k - 1k 
- 27 input variables per pair: 

x, y , z, counts, sum(cells.value) per hit   
two unit vectors per hit for direction from cell information 
4 parameters for linear (z0) and helical compatibility 

Prediction: 
- predict relationship probability 

Reconstruct 
- starting from one hit, find highest probability pair, then add pairwise hits  
- test new hit for compatibility

Phase 1 outrunner
“Wall clock time” 
~1 day/event



Phase 1 Sergey Gorbunov
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Execution time 
1.2 min on single core 2.6 GHz CPU



Phase 1 Special prices … to be announced
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The TrackML International Advisory Committee composed of High Energy 
Physicists and Computer Scientists Markus Elsing, Frank Gaede, Alison 
Lowndes, Maurizio Pierini, Danilo Rezende and Marc Schoenauer (as 
detailed in https://sites.google.com/site/trackmlparticle/international-
advisory-committee), has examined the contributions submitted. 

Preliminary conclusion reached, recipients will be announced shortly.



Phase 1 Some lessons to be learned
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The threshold has been scary  
- for many outside the field the simple size of the dataset was frightening 
- even though there were many many teams !!! 

Domain knowledge is important  
- put some physics helps :-) 
- we did not give the magnetic field (on purpose) 
- 2 out of three front-runners estimated the magnetic field

Methodology Investigate

• 10s of investigation functions

● Give bounds on score

● Density model validation

● Plot magnetic �eld strength
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Phase 2 Throughput



Phase 2 Dataset
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Detector remained unchanged 

Dataset was slightly simplified 
- only primary particles enter the scoring  

Some “features” have been fixed 
- module thickness is corrected  

(for cluster sizes) 
- too narrow beam spot in the phase 1  

(5.5 mm -> 5,5 cm)  
- looping particles (present in phase 1)  

have been removed 
- overshooting scattering for electrons 

(0.5 % effect in phase 1 dataset) has  
been fixed



Phase 2 Scoring
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Two-dimensional score folding accuracy & execution time  
- needs a controlled environment for estimating the exec time robustly  

(special development done for codalab)



Phase 2 Setup - Controlling timing environment
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event(s) are loaded in memory 

API to call python/C++start

stop

User executable

API

solution

VM 2 cores, 4 Gb memory



Phase 2 Current submissions 
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Participation has dropped dramatically compared to phase 1 
- currently only two active submitter 
- a few more submissions but mainly with 0 score (starting kit submission)



Phase 2 Current situation

�24

The two submissions, however, are really fast
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Spin-off  Reference Dataset



Spin-off
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Spin-off
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More Information
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@trackmllhc

https://sites.google.com/site/trackmlparticle/

trackml.contact@gmail.com

https://www.kaggle.com/c/trackml-particle-identification

https://competitions.codalab.org/competitions/20112

Phase 2 is running - you can still participate !!!

https://sites.google.com/site/trackmlparticle/
mailto:trackml.contact@gmail.com
https://www.kaggle.com/c/trackml-particle-identification
https://competitions.codalab.org/competitions/20112
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Backup slides
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Introduction Physics
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Focus on hadron colliders as the LHC  
- High luminosity (HL-)LHC  
- Future FCC-hh design study in preparation 

1011

potentially 

new stuff to find



Submission & scoring (3)
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tables & illustration
(top) csv file format for validation hit dataset
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The detector
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Defined a Phase-2 like detector  
- full silicon detector with realistic resolution,  

material budget, magnetic field 
- composed as Pixel, short strip, long strip 
- restricted to size of ~ ATLAS ID volume  

and |eta| < 3

plot & image
(left) X0 distribution of the trackML detector 
(right) longitudinal view of the trackML detector 



The detector (2)
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plot & images
(left) estimated pixel resolution distribution 
(right) 3D view of  pixel, short strip and long strip detector

Dataset is simulation with ACTS fast simulation 
- includes multiple scattering, energy loss  

and hadronic interactions 
- includes inefficiencies and noise/low  

momentum particle hits 
- includes pseudo-realistic clustering model  

(and hence resolutions)  



The detector (3)
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Detector description is given as .csv file

plot & image
(top)  csv file format for the detector 
(bottom) module center and orientation

x

y

z

half thickness



The dataset - physics
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Pythia configured with: 
- HS: “Top:gg2ttbar = on” 
- PU (@200): “SoftQCD = on”


Smeared beam spot 
- σz = 5.5 mm, σT = 15 µm 

Charged particles are simulated  
   - pT > 150 MeV pT [GeV]

38David Rousseau,   CERN Seminar, 7th March 2018

plot & image
(top)  transverse momentum distribution for hard scatter and pileup event 
(bottom) hits produced in one single event

large benchmark dataset (100s Gb)  
to be released as CERN OpenData

remember that  
for the track score



The training dataset - eventXXXX-hits.csv
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table & images
(top) csv file format for the hit file 
(bottom)  illustration of the hit information



hits: 

and cells:

The training dataset - eventXXXX-cells.csv
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table & images
(top) csv file format for the hit file 
(bottom left)  csv file format of the cells information 
(bottom right) cell information illustration

link

ch0

ch1



hits:

The training dataset - eventXXXX-truth.csv
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tables
(top) csv file format for the hit file 
(bottom) csv file format for the truth file

link

truth position/true momentum

reconstructed hit position

hit weight 
for scoring (see later)

noise hit 
with 0 weight



The training dataset - eventXXXX-particles.csv
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tables
(top) csv file format for the particle file 
(bottom) csv file format for the truth file

link

hit weight 
for scoring (see later)

noise hit 
with 0 weight

charge



Independent but structurally identical hit dataset 

We look for solutions of hits grouped together

The validation dataset & solution
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tables & illustration
(top) csv file format for validation hit dataset 
(bottom left) csv file format solution 
(bottom right) track representation of solutions
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Submission & scoring (2)
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tables & illustration
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1778

garbage tracks will reduce overall 
event score, as hits will not be  
correctly assigned



Submission & scoring (3)
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Submission & scoring (4)
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