Workflow training (PyTorch) & inference (iLCSoft/Marlin)

run PV & SV finder, jet clustering and vertex refinement of LCFIPIlus

run Marlin processor that calculates and stores features needed for the flavor taggers

store variables in root files with four trees
(charged, neutral, jets, sv)

convert trees in root files to pandas dataframes, do
some checks and cleaning, store dataframes in hdf5-
files

do further pre-processing and training in PyTorch

use torch library to convert trained model into
model that can be used in C++
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store variables via PIDHandler (not optimal in
terms of memory, might be changed)

run Marlin processor for tagging with ParticleNet
Model

read feature values from PIDHandler

store them in the vectors needed by the
ParticleNet Model (coordinates of const.,
features of the const., coordinates of SV,
features of SV)

convert vectors to torch tensors and do the
pre-processing

do the inference with the converted model
store output again using PIDHandler

run Marlin processor to store outputs in trees and
histogram that can be used to calculate ROCs etc.



ParticleNet: input features

jet constituents: coordinates

An, AD An, A®

jet constituents: features

An, AD An, AP

log(pr), log(E), log(pt/p7e!), log(E/EY), 7 log(pr), Esv/Ejet, Esv
track ?jet/pjet .

AR Msv

g
iIsElectron, isMuon, isChargedHadron,

Ntracks in SV

x2/ndf
impact parameters &significances

iIsNeutralHadron, isPhoton
impact parameter & significances
track used in PV? cos(flight directionsy, 7sv)
lepton related variables

pid variables

Encal/EncaL+ecaL 2 SVs & all jet constituents
x2/ndf 28 inpbut features considered, no ordering of inputs
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DeepdJet: input features

global variables

pjet, p-l-jet, ptrack/pjet, p-l-track (re|_ jet), ?track. ?jet/pjet

Ncharged jet const., Nneutral jet const., Nsv AR(track, jet)
additional global variables from LCFIPIlus impact parameter & significances
track reconstructed in PV?

lepton related variables
pid variables

21 input features x2/ndf

secondary vertices

pneutral const., pneutral const./pjet msy

AR(jet, neutral const.) Ntracks in SV
Is photon? AR(SV, jet)
Encal/EHcaL+EcAL Esv/Ejet, Esv
cos(flight directionsy, 7sv)
3D IP and significance
X2, ndf 10 input features
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ParticleNet

_)
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treat jet as ,particle cloud”
input: jet constituents
key building block: edge convolution

particle cloud: graph, each point: vertex,
connections between each point & k nearest
neighboring points: edges

learn an ,edge feature” for each pair:
= MLP(Xi, Xj)

MLP: parameters shared among all edges

aggregation of edge features: Xi' = mean; e;
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arXiv:1902.08570, Pushing the Limit of Jet
' Tagging With Graph Neural Networks, Huilin |
;Qu talk at ML4Jet32021 , July 7, 2021
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Deepdet: architecture

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

Fully b

Neutral (5 features) x 10 — 1x1 conv. 32/16/4 —— RNN (LSTM) 50 m connected

200 nodes x1, light

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

SVs (10 features) x 2

Global variables (21 features) ——moHooo—r—rnorovoro——HA—————

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
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