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dataset Pixel Detector
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Pixel Detector

 

https://indico.cern.ch/event/766021/contributions/3184277/attachments/1739317/2814089/20181023-msmk-trackml-v3.pdf
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dataset Short Strip Detector
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Pixel Detector

Short Strip Detector
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dataset Long Strip Detector
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Long Strip Detector
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dataset Simulation setup 
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Simulated hits
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dataset Simulation setup 
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Main interactions of a particle with detector material

Simulated Not simulated
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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 tracking volume to |η| < 3

plot & image
(left) X0 distribution of the trackML detector 
(right) longitudinal view of the trackML detector 
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The detector
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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)  
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The detector
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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
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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
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The training dataset - eventXXXX-particles.csv

�11

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
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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
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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
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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
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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

noise hit 
with 0 weight

charge
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TrackML dataset heavily in use
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Hep.TrkX & Exa.TrkX project  
- GNN full scale ML for high energy physics 
- talk by Jean-Roch tomorrow  


Hep.QPR project 
- quantum annealing on D-wave 
- talk by Jean-Roch today  


Annoy & hashing 
- Unsupervised learning with Spotify 
- talk by Sabrina today


Various different other ML research 
- Track seed classification using NNs  

Track reconstruction algorithm templating

[ See CTD 2019 contributions ]

https://indico.cern.ch/event/742793
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CTD Highlights Hep.TrkX & Exa.TrkX 
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talk by Jean-Roch  


https://indico.cern.ch/event/813759/timetable/#20190701.detailed
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CTD Highlights Hep.QPR
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talk by Jean-Roch 


https://indico.cern.ch/event/813759/timetable/#20190701.detailed
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CTD Highlights Annoy & Music
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talk by Sabrina 


https://indico.cern.ch/event/813759/timetable/#20190701.detailed
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CTD Highlights Seed Classification
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[ talk by F. Dietrich ]

https://indico.cern.ch/event/742793/contributions/3274402/attachments/1822673/2981896/presentation_FD.pdf
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TrackML dataset heavily in use
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Hep.TrkX & Exa.TrkX project  
- GNN full scale ML for high energy physics 
- talk by Jean-Roch tomorrow  


Hep.QPR project 
- quantum annealing on D-wave 
- talk by Jean-Roch today  


Annoy & hashing 
- Unsupervised learning with Spotify 
- talk by Sabrina today


Various different other ML research 
- Track seed classification using NNs  

Track reconstruction algorithm templating

[ See CTD 2019 contributions ]

CERN OpenData

TML dataset/detector 
- has several shortcoming:

not enough material 
too much overlap 
only fast simulation 
no particle decay  

https://indico.cern.ch/event/742793


TrackML - Grand Finale - July 1st & 2nd 2019, CERN 

A realistic detector material
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Simulating a realistic detector 
- excellent description of the material 
- detailed modelling of the detection process Determines the amount 

of “process noise” 
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detector material & acceptance
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Simulating a realistic detector 
- excellent description of the material 
- detailed modelling of the detection process 

TrackML detector could use a bit of realism 

TrackML
ATLAS/CMS Phase 2Detector acceptance:
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Sneak Preview
TrackML Pixel  
detector OpenData Pixel  

detector

Features: 
- described in DD4Hep 
- realistic material budget 
- non-symmetric in azimuthal angle 
- full (G4) and fast (ACTS) simulation 
- misalignment possibility… to be released soon!
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OpenData detector

Stave with multiplying services
creates as more material a along the staves 

Packed into complicated 
structure



TrackML - Grand Finale - July 1st & 2nd 2019, CERN �26

OpenData / Geant4 conversion

Geant4 hit map

Resulting material distribution
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detector resolutions

�27

Simulating a realistic detector 
- excellent description of the material 
- detailed modelling of the detection process
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particle Bparticle A

non-gaussian measurement resolution 
modelled by digitisation 

Simulated Not simulated

Cluster merging not simulated so far 

2 measurements simulated
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detector resolutions
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Simulating a realistic detector 
- excellent description of the material 
- detailed modelling of the detection process

particle Bparticle A

Not simulated

Cluster merging not simulated so far 

2 measurements simulated

Locally dense 
environment is 
Very common  

physics signature 
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detector resolutions
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Simulating a realistic detector 
- excellent description of the material 
- detailed modelling of the detection process
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particle Bparticle A

non-gaussian measurement resolution 
modelled by digitisation 

Simulated

2 measurements simulated 
+ merged into 1 measurement

no unique cluster labelling anymore 
will have to change the score for this 
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realistic problem physics
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Simulating a realistic experiment 
- excellent description of the material 
- detailed modelling of the detection process 
- detailed simulation of relevant models

simulation of  
particle decay for 

testing of large radius 
tracking 
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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
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and
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Common geometry/event display project  
- part of the HSF (Hep Software Foundation) projects 
- built-in support for TrackML/OpenData Detector 
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Release timeline
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Tentative release timeline for OpenData detector

July/Aug 2019

Consolidation of
detector & simulation

Dataset production:
Geant4 simulation  

(small statistics validation sample) 

ACTS-Fatras simulation  
(large statistics sample) 

Sep 2019


