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Straightforward… 
But still hard
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Why Invariance?
Why not just let the 
tagger/algorithm learn the 
invariance?ar
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Karniadakis , et al



A couple of examples… 

OpenAI, Alfa-Fold
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A couple of examples… 

Many more…
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End even builds on…

Qu, et al.
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Qu, et al.
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End even builds on…

Qu, et al.
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Building Invariant 
Polynomials
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Transform, and then feed…
1. Perform a geometric transform
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Transform, and then feed…
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Transform, and then feed…
2. Compute a one particle basis
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Transform, and then feed…
3. Symmetrize the basis
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Transform, and then feed…
3. Symmetrize the basis
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Transform, and then feed…
3. Symmetrize the basis
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Transform, and then feed…

Boost Invariant Polynomials Jose M Munoz ML4JETS-2022

3. Symmetrize the basis
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Transform, and then feed…
3. Go and select invariant indices
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Gives versatility… at some price
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Gives versatility… at some price
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Learning Lower in lower dimensions

U
m

ap
 C

om
po

ne
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1

Umap Componen 2
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Why does it works?

Background Signal
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Is the frame telling something?
Jet axis Beam Axis
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Was 
that interpretability?
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You can really fit a large amount of models…

All of them trained 
using the same 
basis size.

312 Features in the 
BIP Basis
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Permutation 
importance, or 
shapley values
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Permutation 
importance, or 
shapley values
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Background Signal
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Extraction of symbolic relations
Most important feature

1 6 6
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Most important feature
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Importance of 
edge 
information!

Extraction of symbolic relations
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Congqiao Li
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CREDITS: This presentation template was created 
by Slidesgo, including icons by Flaticon, and 
infographics & images by Freepik

Outlooks!
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http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr


Conclusions

● Should we rethink which invariances 
to include?

● Feasibility of highly efficiency in 
jet descriptions.

● Extraction of symbolic expressions 
out of the features.

● Classifier independent invariant 
representations

ar
Xi
v:
22

07
.0
82

72
v2



003-1040559    1250 003-77156.8   1760 0009-14563.7   73273  

Outlooks

Boost Invariant Polynomials Jose M Munoz ML4JETS-2022

● Explore addition of high level 
variables.

● Explore automatic subgroup 
invariant selection.

● Automatic symbolic extraction.

● Different processes?

● Extrapolation capabilities of 
the multiple classifiers.ar
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How deep could one go?
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THANKS!
Ask me Anything



Backup



Play with the model Paper



BIP classifier Probability
Score 



A many body expansion

Or a density








