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Description of flavor tagging ecosystem for the
2017-18 run

Focus on Deep Learning-powered improvements
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FLAVOR TAGGING REVIEW

GOAL OF FLAVOR TAGGING
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FLAVOR TAGGING REVIEW

B-HADRON DECAY

» b-hadron contains b quark,
which decays through a cascade

Limited by detector resolution, pileup, tracking inefficiency, material interactions,
and long-lived decays for light jets

ATLAS
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LOW LEVEL TAGGERS

JETFITTER

reconstructs a single
displaced vertex

SV1

PV




LOW LEVEL TAGGERS

VERTEX FINDING ALGORITHMS
SV1

» reconstructs a single
displaced vertex
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JET FITTER v ! performs a
% topological decay

reconstruction along
the b-hadron line of
- flight
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IP3D
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RNN PRIMER

RECURRENT NEURAL NETWORKS

» Neural network unit to learn sequence-based
dependencies for arbitrary-length input sequences

from Peter Roelants

» Cell holds internal state vector

» Identically applied to every entry in sequence

» Recurrent loop feeds back into cell @ATLAS






LOW LEVEL TAGGERS

RNNIP Represent jets as a sequence of tracks ordered by |Sq,|

Each track is a vector of variables
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LOW LEVEL TAGGERS
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SMT
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HIGH LEVEL TAGGERS

Trained with ROOT TMVA

b vs non-b

Default non-b background: 7% charm and 93% light

Various versions:
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HIGH LEVEL TAGGERS

DEEP NEURAL NETWORK

» Trained with Keras (Theano backend)
» In ATLAS codebase using LWTNN
» Multi-class (b, c, light)

» Architecture: fully connected + maxout + ReLU + batch

norm lavers
’ ADVANTAGES

» flexibility in future R&D » easy to extend to new

) easy to train input variables

» min standalone code » can be trained adversarially

» GPU enabled » can be trained end-to-end
with RNNIP

» modular
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https://github.com/lwtnn/lwtnn
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c-jet rejection
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SUMMARY

WHAT TO EXPECT

» Better data - Monte Carlo agreement
» More performant flavor tagging, due to:

» availability of new hybrid training sample to
extend prtrange

» improvements and innovations in low level
taggers, such as RNNIP* and SMT

» improvements and innovations in high level
taggers, such as DL1"

SOATLAS
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LOW LEVEL TAGGERS
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RNN PRIMER

LSTM & GRU

» Mitigate issues with exploding and vanishing gradients
» Improve knowledge persistence of long-term dependencies

» Internal gating mechanisms to read, write, reset memory

» Classical RNN:

St = Wiee®(8i—1) + Woaxy
Y — Wyst
» Train by optimizing objective function: L,‘r
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RNN PRIMER

EXPLUDING & VANISHING GRADIENTS
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RNN PRIMER

EXPLUDING & VANISHING GRADIENTS
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RNN PRIMER

EXPLUDING & VANISHING GRADIENTS
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RNN PRIMER
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