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Multilayered detectors
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need complex data reconstruction.
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tracks and hits particles



https://jpata.web.cern.ch/jpata/mlpf/visualizations/tracks_and_hits.html
https://jpata.web.cern.ch/jpata/mlpf/visualizations/particles.html

We have created a new open dataset with Key4dHEP and Geant4

~10k / event
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MLPF(tracks and clusters) — particles

Tracks and calorimeter hits
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Extensive hyperparameter tuning and model comparison...
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In samples never used In training...
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almost 50% improvement in jet response width over the baseline
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In samples never used In training...
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Also tested in a real detector (2022), now in the process of updating

CMS simuiation Preliminary __ Run 3 (14 TeV)
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JP, Javier Duarte, Farouk Mokhtar, Eric Wulff, Jieun Yoo, Jean-Roch Vlimant, Maurizio Pierini, Maria Girone.
Machine Learning for Particle Flow Reconstruction at CMS. ACAT 2021. https://doi.org/10.48550/
arXiv.2203.00330, http://cds.cern.ch/record/2792320
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https://doi.org/10.48550/arXiv.2203.00330
https://doi.org/10.48550/arXiv.2203.00330
http://cds.cern.ch/record/2792320

Baseline (untuned) algo runs only on CPU, scales
~quadratically, runtime per event is in seconds.
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ML model scales linearly, runs in milliseconds
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Portable on CPU, nVidia & AMD GPU, Intel Habana Gaudi chips
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Tracks and calorimeter hits
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Raw detector hits
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Raw detector hits
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CLIC in EDM4HEP, ~2.6TB

e full stats, full details

e 5 physics samples, ~1M events each
e 7 gunsamples, ~100k events each

Open datasets!

Tracks and calorimeter hits

Particles
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« https://doi.org/10.5281/zenodo.8260741

« https://doi.org/10.5281/zen0do0.8414225

» https://doi.org/10.5281/zenodo0.8409592
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https://doi.org/10.5281/zenodo.8260741
https://doi.org/10.5281/zenodo.8409592
https://doi.org/10.5281/zenodo.8414225
https://doi.org/10.5281/zenodo.8260741
https://doi.org/10.5281/zenodo.8414225
https://doi.org/10.5281/zenodo.8409592

Summary

Particle flow reconstruction is a complex and interesting
problem to address with end-to-end ML

ML can improve jet/MET response significantly over a naive
baseline

Scalable ML models allow processing of full events with high
throughput and portability

Open datasets & code can accelerate research

More granular events, updates & integration tests with a real
detector on the way
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Event as input set Event as graph Transformed inputs
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Clustering to reconstruction

Clustering (graph building) is an internal detail, not a model
target. Particle reconstruction is the real goal!
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CMS Simulation Preliminary
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Simulation Reconstruction
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One layer of learnable graph building with locality sensitive hashing and message passing

Input
Py nonn
feature vectors [ | ] ]

B 0 0 B = N |

- a gineh e

- - noon

& Learnable B Sorting B Learned " P Message | W

locality-sensitive by bin B all-to-all structure E.. - passing in Em IXE
hashing into bins index in each bin each bin

= B - O EE N O

10]

1] HEN L[]

o me e
NP H B H B

XeR Bl Hl

21

Transformed
feature vectors

Reverse
sorting to
original order

X/ = RNXD



One layer of kernel-based self attention with the FAVOR mechanism.
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Number of events
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Number of events
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