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What is an optimal observable?

Best observable for measuring a physical parameter

Marginalize over latent variables → Optimal Observable

Likelihood

Nathalie Soybelman, Universität Heidelberg

Score

contains latent variables (e.g. initial quark flavor)  
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Associated Higgs production

Parameter

Operator

Matrix element

Feynman rules

Score

Choose one quark type → no unobservable variables
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Optimal Observable for

Score depends fully on two observables 
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Use MadMiner to compute score



SR Cycle
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SR Cycle

Optimization
• tree simplification

• combination of operators

• 10 % → constant optimization
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Symbolic Regression

Hall of Fame
save best equation for

every tree size
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Results

• Polynomial d = 4 agrees with data

• PySR recquires small data set → select data points by binning

• Postprocessing: optimizer → fitting parameters on full data set

PySR + optimizer → best agreement with data
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Hall of Fame

Best equation for every complexity

Choose “best“ function according to complexity and MSE
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with photon

Double branch structure

all quarksonly Z-boson

Generalize Process
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Process with all quarks

• Quark flavor→ Latent variable

• Marginalize over latent variable
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Good result for complex structure



CP Violation in Weak Boson Fusion

Parameter

Operator

Feynman rules
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CP observable

CPV observable is part of matrix element



Nathalie Soybelman, Universität Heidelberg

Event distribution

Optimal Observable for



Nathalie Soybelman, Universität Heidelberg

Score for

Optimal Observable for

Process more complex→ 2 variables not enough

Best fit using
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Optimal Observable for

Input variables 



Summary & Outlook

• Optimal Observable – best observable for  parameter measurement 

• Found analytic expression for Optimal Observable with SR

• Hall of Fame → find best equation with minimal complexity

• SR fits even complex structures (e.g. double branches)
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More complex process – SR will choose the relevant observables



Nathalie Soybelman, Universität Heidelberg

Back up

Quadratic termInterference term

Quadratic term dominates→



with photon

Relative minus sign between

photon- and Z-vertex

→ Interference SM/NP smaller

only Z-boson

→ Quadratic term dominates

→ Score approaches constant
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Back up


