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Motivated by: 
• problems in image approach: sparsity of jet images (5% - 10% active), 

fixed image size, (information loss from pixelization) 
• natural tree-like structure of sequential jet clustering history 
• implementation in event-level

Jet Tree StructureRecursive Neural Nets (RecNN)

Jet

clustering

Recursive Neural Networks for Jets



RecNN for Jets
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[G. Louppe, K. Cho, C. Becot, K. Cranmer, arXiv: 1702.00748 ]

Motivated by: 
• problems in image approach: sparsity of jet images (5% - 10% active), 

fixed image size, (information loss from pixelization) 
• natural tree-like structure of sequential jet clustering history 
• implementation in event-level
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Recursive Neural Networks for Jets

embedding jet information
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Recursive Neural Networks for Jets

embedding jet information



RecNN & Jet Embedding
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* with recursively defined pt-weighed charge, we can include the particle 
flow information in one variable which is well defined for all the nodes

(taken from G. Louppe, K. Cho, C. Becot, K. 
Cranmer, arXiv: 1702.00748 )

and particle flow 
identification

• One hot vector

• pt-weighted charge

Classifier



Workflow
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• Measure: Receiver Operating Characteristic (ROC),  
 Area Under the Curve (AUC) of ROC, background rejection rate 
 @  

• Particle Flow Identification: one-hot vectors, or pt weighted  
    charge 

Pythia8

Delphes

Data Preprocessing

RecNN
ReLU*2 -> Sigmoid



Quark/Gluon Discrimination
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Baseline: BDT (jet mass            , jet girth              , 
 charged particle count                 )

For RecNN,  
• no particle flow identification 
• one-hot vectors 
• pt-weighted charge instead

RecNN

BDT
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Jet pts: 200, 300, 500, 
1000 GeV 

Significance Improvement

Quark/Gluon Discrimination



Variants
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• particle flow identification doesn’t help significantly 
• the discriminating information for q/g tagging is RecNN  
    mainly reside in the tree structure itself 

Variants in input 
information



Variants
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• particle flow identification doesn’t help significantly 
• the discriminating information for q/g tagging is RecNN  
    mainly reside in the tree structure itself 

Variants in input 
information



Jet Charge
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pt weighted jet charge



Jet Charge
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u/d discrimination 

RecNNs with pt-weighted charge

* one-hot implementation doesn’t work here



 For Different Tasks

W Tagging

Leads to comparative study

jet charge discrimination

Top tagging

q/g discrimination
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Interpretation
*what has been learnt? 
*how it was learnt? 
*anything else can be learnt?



Visualisation
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  q/g 
discrimination

 W/QCD 
discrimination



(in collaboration with Gilles Louppe)



Joint Probability Distribution
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W/QCD

q/g m

m

track count

girth

girth



Sensitivity
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Sensitivity indicated by gradients



Sensitivity
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W/QCD

QCD Jets W Jets(best prediction samples)



Sensitivity
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q/g 

gluon quark

sensitivity running  
through the whole tree

(best prediction samples)
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 Maximum Response Samples
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Output

W/QCD

jet images sensitivity



Maximum Response Samples
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ReLU2

W/QCD

jet images sensitivity



 Maximum Response Samples
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Output

q/g jet images sensitivity



Maximum Response Samples
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ReLU2

q/g
jet images sensitivity



¿Jet Grooming?
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Jet Grooming
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[K. Cranmer’s talk at ML4Jets]

https://indico.physics.lbl.gov/indico/event/546/contributions/1261/attachments/1172/1304/adversarial-ML4Jets.pdf


Underlying Physics
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Sensitivity
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(work in progress)

W Tagging

q/g Tagging

Top Tagging

u/d Tagging

resonance decay -> prongness

QCD Radiation Electroweak 
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(* data taken from  P. T. Komiske, E. M. Metodiev, and M. D. Schwartz, arXiv:1612.01551;   
   data taken from CMS Collaboration Collaboration, New Developments for Jet Substructure 
Reconstruction in CMS) 

Quark/Gluon Discrimination





Joint Probability Distribution
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Top/QCD (500 GeV)

Top/QCD(1 TeV)

groomed massm
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IRC Safety
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[G. Louppe, K. Cho, C. Becot and K. Cranmer, arXiv:1702.00748]

https://arxiv.org/abs/1702.00748v2

