News

further optimization of DeepJet and Particle Net architecture
discussed integration into ILCSoft with Thomas

started studying sensitivity of tagging s quarks
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Particle Net architecture with DeepJet input variables
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Particle Net architecture with DeepJet input variables
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Particle Net architecture with DeepJet input variables
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Particle Net architectur
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validation

epoch 76: max. accuracy validation

epoch 98: minimum loss training
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Particle Net: variables

Variable Definition
An difference in pseudorapidity between the particle and the jet axis
A difference in azimuthal angle between the particle and the jet axis
log pr logarithm of the particle’s pr
log B/ logarithm of the particle’s energy
log pr f]?et) logarithm of the particle’s pr relative to the jet pr
log EGet) logarithm of the particle’s energy relative to the jet energy
AR angular separation between the particle and the jet axis (1/(An)? + (Ag)?)
q electric charge of the particle
isElectron if the particle is an electron
isMuon if the particle is a muon
isChargedHadron if the particle is a charged hadron
isNeutralHadron if the particle is a neutral hadron
isPhoton if the particle is a photon

dO, Z0, 3D IP + significances
probabilities from LCFIPIlus (but per track)

Track used in PV?, lepton momentum relative to jet, lepton momentum fraction, kaoness, weighted kaoness momentum
fraction, dot product jet and track (norm), HCAL fraction, Chi2/NDF

secondary vertices:

coordinates: An, A®

features: log(pT), mass, number of tracks, x2/ndf, 2D & 3D IP and their significances, cos(mom, pos), energy/jet energy,
energy, rapidity
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Particle Net architecture with DeepJet input variables
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Particle Net architecture with DeepJet input variables
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Particle Net architecture with DeepJet input variables
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Particle Net architecture with DeepJet input variables
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DeepJet
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Particle Net architecture with DeepJet input variables
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DeepJet
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https://arxiv.org/pdf/1902.08570.pdf, https://indico.cern.ch/event/980214/contributions/4413544/
attachments/2277334/3868991/ParticleNeXt ML4Jets2021 _H_Qu.pdf

Particle Net: introduction
/ NN ] \ i EdgeConv Block \

based on Dynamic Graph CNN (Y. Wang et al.,
arXiv:1801.07829) edge features : g
/ 4
. . . . . . .
treat jet as ,particle cloud”, input are all jet constituents e EdgeConv Block
— : \
key building block of Particle Net: EdgeConv " BatchNorm | N )
\
treat point cloud as a graph, each point is a vertex, edges RelLU - Y Y \
are constructed as connections between each points and k _l EdgeConv Block
nearest neighboring points -near \ ; )
. . o . . [ BatchNorm ] s \
learn an ,edge feature” for each pair €ij= MLP(xi, x;j) N Global Average Pooling
MLP: parameters are shared among all edges ! “ v ’
: Cou — ) Linear Fully Connected
aggregation of edge features: x; = mean; e [ BatC:Norm | 256, ReLU. Dropout = 0.1
\ \ 4
RelLU
| Fully Connected
% X. ; 2
w x @ O ecom % O&y, Cis _ Aggregation |
& @ Ji3 \ / Fdge( m(; Ji3 \ /C“ +
o B _ Softmax
x‘//.\:II x‘ﬁi 4 ' ’ \ RelLU /
Jig jid ‘ : ‘ @ |
X X.” l

(a) ParticleNet
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Particle Net : first results
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DeepJet
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DeepJet
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Particle Net : first results
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Particle Net : first results
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Particle Net : first results
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Particle Net : first results
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Next steps

optimize Particle Net:
NN complexity, LR
more input features

less jet constituents?

study sensitivity of identifying s jets

integration into ILCSoft
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Architecture & data pre-processing

Charged (19 features) x 10 — 1x1 conv. 64/32/32/8 HRNN (LSTM) 150

Full b
Neutral (5 features) x 10— 1x1 conv. 32/16/4 —{RNN (LSTM) 50 H o o

200 nodes x1, light
1x1 conv. 64/32/32/8 HRNN (LSTM) 50 H 05 odes x7

SVs (10 features) x 2

Global variables (5 features) ——moov-oo

classify jets into three classes: b jets, c jets & light jets
ordering of input particles by (as applied in CMS)
Impact parameter significance for charged jet constituents

shortest angular distance to a secondary vertex (by momentum if there is no
secondary vertex) for neutral jet constituents

flight distance significance for secondary vertices

If a value of a features is not available, the value is set to -10

normalize input features to mean 0, std 1

DESY | Application of CMS DeepJet to ILD | Mareike Meyer, 15/03/2023 25



DeepJet
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DeepJet
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DeepJet
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Particle Net
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Particle Net
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