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Inductive Bias I: Infrared and Collinear safety
Int. J. Mod. Phys. A12 (1997) 5411-5529       JHEP 04 (2018) 013        JHEP 01 (2019) 121     
Phys. Rev. D 103, 074022 (2021)                    JHEP 09 (2023) 135

Any IRC safe observable can be expanded in terms of C (calorimeter) - correlators

(set of particles/calorimeter hits)

https://www.worldscientific.com/doi/abs/10.1142/S0217751X97002899
https://link.springer.com/article/10.1007/JHEP04(2018)013
https://doi.org/10.1007/JHEP01%282019%29121
https://doi.org/10.1103/PhysRevD.103.074022
https://doi.org/10.1007/JHEP09(2023)135
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Inductive Bias II: Group Symmetries
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IRC Safety + Symmetries on the rapidity-azimuth plane
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Inductive Bias: Function Space

Assumptions on the nature of the problem through which one biases 
the possible solutions to always follow a certain property (Strong), or 
prefer (Weak) some solutions over others 
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Assume a quotient topology on the domain

Inductive Bias: Input Domain
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Inductive Bias: Input Domain
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Target function’s value 
is unknown in most of 
the domain  

Known domain partition where 
target function must be equal

Inductive Bias: Input Domain
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Incorrect Inductive Bias
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Correct Inductive Bias

Jigsaws generated by ChatGPT
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Compatible Inductive Biases

Jigsaws generated by ChatGPT
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Strength of Inductive biases
Domain Partition Function Space
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In the infra-red                                    or collinear limits

Infra-red and Collinear (IRC) Safe observables

For an observable           defined on n particles.

Calculable in pQCD!!

=> concentrates on information 
of the hard interaction 

=> relatively insensitive to 
low-energy non-perturbative 
effects
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In the infra-red                                    or collinear limits

Infra-red and Collinear (IRC) Safe observables

For an observable           defined on n particles.

Calculable in pQCD!!

=> concentrates on information 
of the hard interaction 

=> relatively insensitive to 
low-energy non-perturbative 
effects
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IRC Safety: quotient under indistinguishability of jets/events
Two Jets are equivalent if they can not be Observationally Distinguished*

In the infra-red                                    or collinear limits
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IRC safe jet features 

IRC safe 

Node update conserves collinearity if: 

Conservation of Collinearity

Node update Operation
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E(2) and O(2) equivariance and IRC safety

arxiv:2102.09844 Satorras et. al

https://arxiv.org/abs/2102.09844
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Hierarchy of Inductive Biases

On the Jet representation we have:

1. Permutation Invariant 

2. Infrared and Collinear Safety 

3. IRC Safety + O(2) Invariance

4. IRC Safety + E(2) Invariance
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ROC Variability: Quark vs Gluons

Recoil against a soft emission 
outside the jet

Additional wide-angle soft 
emission within the jet
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AUC Variability

Add wide-angle soft particle to jet

Quark vs Gluon (R=0.4) Top vs QCD (R=0.8)
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Recoil against a soft emission

Quark vs Gluon (R=0.4) Top vs QCD (R=0.8)

AUC Variability
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Summary

● Strong Inductive Biases can be viewed as an assumption of equivalence

● IRC safe tagging algorithms in general reduce in raw performance 

● Gains on resilience [check out  Pareto frontier studies on arxiv:2509.19431 and 

arxiv:2510.06314]

● Infrared and collinear safety coupled with E(2) invariance shows highest 

stability under single particle soft recoil  and emissions 

○ All order effects?

○ Non Perturbative effects?

https://arxiv.org/abs/2509.19431

