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Why understand a jet tagger?

Latent space [0.1, 0.8, … , 0.05]

Jet Representation Classification
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Modern jet tagging: 
Powerful classification from a   learned high-dimensional representation
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Physical questions: 

• Which physical features does the classifier use?


• Where in the latent space do they matter?


• How does the classifier move between physical  jet configurations?

What physics is encoded here?
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Multiplicity Width Fragmentation

…

Modern jet tagging: 
Powerful classification from a   learned high-dimensional representation

Latent space [0.1, 0.8, … , 0.05]

Why understand a jet tagger?



Quark-gluon tagging
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Quark-gluon tagging
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Physics expectation:

Quark jetGluon jet

• Fewer particles


• Narrower


• Harder fragmentation

• More particles


• Wider


• Softer fragmentation

CA > CF
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Quark-gluon tagging
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Physics expectation:

Quark jetGluon jet

• Fewer particles


• Narrower


• Harder fragmentation

• More particles


• Wider


• Softer fragmentation

CA > CF

However …

•  labels are not unambiguous  
beyond leading order


• Discrimination is sensitive to   showering and hadronization

q/g

Does the learned representation organize itself   according to this expected QCD structure?
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Setup — variational autoencoder
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zx p(z |x)

kp(k |z)

x′ p(x′ |z)

Classifier

Decoder

Latent space 


Reconstructed features: 

z ∼ 𝒩(μ, σ)

{nPF, wPF, pTD, C0.2, ϵ, mJet, xmax, Sfrag}
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Classifier metric
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Which features change with the decision?
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Fisher directional derivative: 
How do the reconstructed features change in the   most sensitive direction of the classifier?  

“Which feature is best aligned with the decision” 
µ

Ltop

°4 °2 0 2 4
z1

°4

°2

0

2

4

z 2

Decision
Boundary

Reminder MNIST
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Which features change with the decision?
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• Gluon-like region: dominated by multiplicity


• Quark-like region: more heterogeneous


• The latent space separates into regions   governed by multiplicity, fragmentation  & radiation shape



Benedikt Schosser — ML4Jets 2026

Which features change with the decision?
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Along a classifier geodesic, we can track how the physics changes

Derivative
Reconstruction



Binary  multiclass→
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Three-fold jet tagging
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q/g t → bqq̄′￼Z → qq̄

1-prong 3-prong2-prong

Features: mJet  - prongτ21 : 1 ↔ 2  - prongτ32 : 3 ↔ 2
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Classifier metric
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Top jets form a distinct region, while  and  remain more closely connectedq/g Z
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Dominant features & geodesics
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• Substructure observables dominate most of the latent space


• Jet mass becomes important near class boundaries


• The natural top path avoids the  region Z → q/g
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Dominant features & geodesics
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• Substructure observables dominate most of the latent space


• Jet mass becomes important near class boundaries


• The natural top path avoids the  region Z → q/g

Difficult to find  the correct IC.
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Dual structure
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Connections  derived from


• Forward KL: 


• Backward KL: 

Γ

α = − 1

α = + 1

SimplexLearned latent space

• Same endpoints, different   natural paths


• The difference is largest   when the third class becomes  relevant
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Dual structure
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MNISTJets

• The  path is shaped by the  region1 → 0 2• The top path is shaped by the  regionZ → q/g
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Information gained through geometry
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Where? How?What?
Classifier geometry Feature-decision alignment Geodesics
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Identifies classifier-sensitive  regions and directions
Connects classifier-relevant   directions to physical jet features

Reveals physically interpretable  paths between classes


