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INTRODUCTION: JET TAGGING

Jet tagging: 


Identifying the particle that initiates the jet with 
experimentally observed quantities

2
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INTRODUCTION: JET TAGGING
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Different types of jet tagging

Small radius tagging:
Mainly on the flavor 

information (light quark/
gluon/charm/beauty/tau 

lepton…)

Large radius tagging:
Targeting on boosted heavy 
resonance (W/Z/H/Top…)

Today’s focus

Congqiao Li, ML4Jets 2021

Markus Stoye, 
HAP workshop 2018
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HEAVY FLAVOR TAGGING

Problem setup of heavy flavor (HF) tagging:


Focus on small radius jet (in CMS: anti-kT with R=0.4)


Usually 3 cases:


Tagged as “b”


Tagged as “c”


Tagged as light flavor (“udsg”)


Can involve more categories including hadronic tau, 
“uds” vs “gluon” etc.


Key features of HF tagging:


Track displacement is of vital importance


Due to longer life of heavy flavor hadrons!
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Brief review of CMS HF tagging evolution:


~ 2016: CSVv2(NN) and cMVAv2(BDT)


CSVv2 is based on a very simple 1 layer NN


2017: deepCSV


Mid 2017: deepJet (deepFlavour)

HEAVY FLAVOR TAGGING @ CMS
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ArXiv: 2008.10519

ArXiv: 1712.07158
CSVv2, cMVAv2 & deepCSV

b
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c

l

https://arxiv.org/abs/2008.10519
https://arxiv.org/abs/1712.07158
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Brief review of CMS HF tagging evolution:


~ 2016: CSVv2(NN) and cMVAv2(BDT)


2017: deepCSV


Mid 2017: deepJet (deepFlavour)


Rich physical results have continuously come out with the 
help of CMS HF tagging algorithms!

HEAVY FLAVOR TAGGING @ CMS
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Exciting result from 
CMS Full Run2 

nonresonant HH4b 
measurement, b 

tagging is based on 
DeepJet algorithm

PhysRevLett.129.081802

ArXiv: 1712.07158
CSVv2, cMVAv2 & deepCSV

ArXiv: 2008.10519

https://arxiv.org/abs/1712.07158
https://arxiv.org/abs/2008.10519
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Brief review of CMS HF tagging evolution:


~ 2016: CSVv2(NN) and cMVAv2(BDT)


CSVv2 is based on a very simple 1 layer NN


2017: deepCSV


Mid 2017: deepJet (deepFlavour)


What about Run3?

HEAVY FLAVOR TAGGING @ CMS
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ArXiv: 1712.07158
CSVv2, cMVAv2 & deepCSV

ArXiv: 2008.10519

b
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https://arxiv.org/abs/1712.07158
https://arxiv.org/abs/2008.10519
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EVOLUTION OF JET TAGGING ALGO.
Observation from CMS HF tagging evolution:


Models become larger and larger


CMS HF tagging is not alone!


Larger model is now a trend in not only ML community, 
but also in HEP! -> Motivates the usage of largest model :) 
-> Particle Transformer (ParT) 8

Jose M Munoz, ACAT 2022
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PART 101
Particle Transformer: 


the transformer designed for particle physics


Input embedding: Not only inject single particle information, 
but also include pair-wise features


Particle Attention Block: Multi-Head Attention (MHA)


Pair-wise feature are introduced as the attention mask (P-
MHA) 


Class Attention Block: Multi-Head Attention 


Class token is used for the MHA calculation
9

ArXiv: 2202.03772

https://arxiv.org/abs/2202.03772
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PART 101
Particle Transformer: 


the transformer designed for particle physics

10

Choice of the pair-wise 
features: from LundNet

ArXiv: 2202.03772

https://arxiv.org/abs/2012.08526
https://arxiv.org/abs/2202.03772
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PART 101
Particle Transformer: 


the transformer designed for particle physics

11

Concatenate class information and particle embedding

ArXiv: 2202.03772

https://arxiv.org/abs/2202.03772
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PART @ CMS FOR HF TAGGING

The debut of ParT in CMS: Run3 HF tagging


ParT Architect for CMS HF tagging:


3 Particle Attention Blocks + 1 Class Attention Block


GELU as activation for attention blocks, ReLU as attention for 
initial embedding + final MLP 


Number of “Heads” in MHA: 8


Number of feature: 128 (for s)


For initial embedding the MLPs are (128-512-128) and 
(64-64-64-8) for Particles and Interactions respectively.

xl
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ArXiv: 2202.03772

https://twiki.cern.ch/twiki/bin/view/CMSPublic/BTV13TeVParticleTransformer
https://arxiv.org/abs/2202.03772
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PART @ CMS FOR HF TAGGING

ParT @ CMS:


The input features are almost identical with DeepJet inputs


(+): 4 momenta of the constituents; (-): global features.


FLOPs: ~117M, #Params: ~1.4M


Inference time is similar with ParticleNet’s


Training details:


Dataset: ~65M jet from  and QCD multi-jets


Ranger optimizer


LR initially set to 1e-3 and will decay linearly after 70% of 
training to reach 1e-5 in the end


Batch size: 512


Loss function: cross entropy


Model with best loss performance on validation set will be kept 

tt̄

13
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PART @ CMS FOR HF TAGGING

Performance: b tagging

14

Performance on b tagging of ParT @ CMS: 
Solid(dashed) ROC curves indicate the mistagging rates for 

“udsg”(“c”) jet at given b tagging signal efficiency

Left:  events, Right: QCD multijetstt̄
DP-2022/050

http://place/holder/for/cds
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PART @ CMS FOR HF TAGGING

Performance: c tagging

15

Performance on c tagging of ParT @ CMS: 
Solid(dashed) ROC curves indicate the mistagging rates for 

“udsg”(“b”) jet at given c tagging signal efficiency

Left:  events, Right: QCD multijetstt̄
DP-2022/050

http:///placeholder/for/cds
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PART @ CMS FOR HF TAGGING

Summary:


Jet tagging is an important yet challenging task in HEP, 
among which flavor tagging is of vital importance


CMS has kept investigating HF tagging with more and 
more advanced models


For Run3, Particle Transformer (ParT) is considered as 
the official HF tagging algorithm


Significant improvement on HF tagging performance is 
observed from the comparison between ParT and 
previous CMS State-Of-The-Art model: DeepJet

16



BACK UP 
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PART VS PARTICLENET ON AK8 JET
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PART VS PARTICLENET ON AK8 JET
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