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Motivation
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KIT

Karlsruhe Institute of Technology

Displaced vertices important signature in searches for new physics
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— Improve both real-time (< 2 us) reconstruction and offline reconstruction
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1Long-lived Dark Higgs and Inelastic Dark Matter at Belle Il (arXiv:2012.08595)
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GNN Tracking Project Overview \“(IT
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GNN Model Architecture Q(IT

Karlsruhe Institute of Technology

Challenges:
® Computing resource and time constraint — Graph Neural Networks
® Find unknown number of tracks — Object Condensation (arXiv:2002.03605)

514 02/06/2023 Lea Reuter - lea.reuter@kit.edu: GNN based Track Finding at Belle Il Institute of Experimental Particle Physics (ETP)


https://arxiv.org/abs/2002.03605
mailto:lea.reuter@kit.edu

GNN Model Architecture Q(IT

Karlsruhe Institute of Technology

Challenges:
® Computing resource and time constraint — Graph Neural Networks
® Find unknown number of tracks — Object Condensation (arXiv:2002.03605)
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Object Condensation ﬂ(IT
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Object Condensation: Track Fitting

Nodes as Input:
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Belle Il Simulation (own work)
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Combined Training ﬂ(IT
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® Prompt (non-displaced) samples . Displl(aced vertex samples, always 2 ® Displaced samples, tracks starting
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Current MC Matching for Object Condensation

8/14

We want to make the comparison fair with
(offline) tracking: values taken from tracking
paper
® match particle with the highest
assigned number of hits to track
® hit purity > 66% required
& hit efficiency > 5% required (curlers)

If it does not match, its fake

For clones (multiple tracks per particle id),
take highest purity and then highest
efficiency as true matched track

Is there something similar for Trigger
Tracks?

MCID
particle with the highest
number of hits assigned
to this cluster
->red

Hit Purity
4/6 = 66.6%> 66%
matched with red

Track matched
with red!

Hit Efficiency
4/6 = 66.6%> 5%
matched with red

02/06/2023 Lea Reuter - lea.reuter@kit.edu: GNN based Track Finding at Belle Il

KIT

Karlsruhe Institute of Technology

0 © e O o
e O O o o

e o ©O O o
e 0 © © o

o o @O o
@ @ o O o

Institute of Experimental Particle Physics (ETP)


mailto:lea.reuter@kit.edu

Event Display with Clustered Latent Space ﬂ(l'l'
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Achieving high hit purity and high hit efficiency
Institute of Experimental Particle Physics (ETP)
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Comparison with basf2

Updated MC Matching
Now GNN MC Matching criteria for Tracks is the same as

for B2 Offline

KIT

~Karlsruhe Ipstitute of Technology

Track Object of GNN TRGCDC B2 Offline
Neuro-
Tracks
Displaced Vertex
Efficiency 971% 26.7% 64.4%
Fake Rate 25%% 00% 8.7%
Clone Rate 11% 01% 1.7%
Prompt
Efficiency 99.3% 97.0% 99.96 %
Efficiency: Found Signal Tracks

3largest part of fake tracks consists of tracks that currently do not
match the tracking purity requirement of 66% or hit efficiency of 5%
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Displaced Track Finding Efficiency
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Displaced vertex samples,
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0.9GeV < px < 6GeV,
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inner tracking detectors (not used for GNN)
GNN offline

Trigger
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Track Parameter Resolution on Displaced Samples Q(IT
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Relative Momentum Resolution Resolution of the production vertex position of the

4
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(ppred = Prruth) / Ptruth Vr, pred = Vr, truth (€M)

For L1 Trigger, the predicted track parameters would include p and dz (something else?)
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Potential Trigger Pipeline: Idea A“(IT

2.3 FPGAs per Superlayer Karlsruhe Institute of Technology
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Summary and Outlook ﬂ(IT
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Graph ' Edge- Track Vertex
Building Classification Finding Finding

GNN-based
Track and O o
Vertex Finding
Pipeline o o©

Current Status
a Developing GNN-based Track and Vertex Finding for Offline and Online (CPU and FPGA) Tracking

& Marc (ITIV) is working on the Graph Building implementation on FPGA

® Next steps: Minimizing the model for Edge Classification (2000 parameters) and Object
Condensation (27 000 parameters)
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GravNet Layer ﬂ(IT
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Adapted from arXiv:1902.07987
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Displaced Particle Gun Tracks: Latent Space and Position

Prediction ﬂ(l'l'
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