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Most searches conducted following the blind 
analysis paradigm
• Signal region selection motivated  by

• Theoretical considerations –
highly motivated models are the first one to be tested

• Final states (di-X resonance searches)
• Topologies
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Most searches conducted following the blind 
analysis paradigm
• Advantage

• Smaller chance for biassing the results
• Best sensitivity for pre-defined signals

• Disadvantages
• Thousands of person years are spent studying region of the data that turn out to have 

nothing interesting in them
• Large portion of the data is not fully exploited
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Example I - Resonances
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arXiv:1907.06659 

Mostly inclusive searches – so the data should be exploited far beyond what is seen in this table
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Example II – LU and LFC
• LU and LFC in the SM give rise to symmetry between 𝑒’s, 𝜇’s and 𝜏′s

• Up to Yukawa interactions and phase space effect

• The discovery of an e/𝜇 asymmetry == New physics 
• Strong motivation to search for such asymmetries

• In practice, most of the data is not yet explored
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𝑅! anomaly

Higgs LFV decays in ATLAS
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Searches based on the data

• Event-based anomaly detection
• Autoencoders etc.

• Semi-supervised approaches
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Searches based on the data

• Event-based anomaly detection
• Autoencoders etc.

• Semi-supervised approaches

• Generic data/mc comparison
• HERA → D0 & CDF → CMS & ATLAS
• Sensitivity to MC mismodeling 

and statistics

8

arXiv:1807.07447
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Searches based on the data

• Event-based anomaly detection
• Autoencoders etc.

• Semi-supervised approaches

• Generic data/mc comparison
• The data directed paradigm

• Identify a property of the SM and look for regions exhibiting significant deviation from this 
property
No MC is needed.
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The Data Directed Paradigm
• Our proposal relies solely on the data 

• Not limited by MC 

• Based on two key ingredients
• A theoretically well established property of the SM based on which deviations from the SM 

predictions can be searched for
• An efficient tool that allows rapid scanning of many final states in search for such a deviation

• Complementary to ML-based method developed in an attempt to enhance the 
Signal/Background ratio
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Example I - resonances

S. Volkovitch, F. DeVito Halevi, SB [2107.11573]

• The SM property: 
• In absence of resonances –

most invariant mass distributions are smoothly falling

• The tool:
• An NN that maps invariant mass distributions to significances (q0)
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Example I - resonances
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• Looking at 1 mass bin with no signal injected
• This is the standard background-only scenario
• Using profile-likelihood tests statistics - 𝑞" = 𝑍# should follow the 𝜒# distributions
• This is also the case for the NN prediction
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Example I – resonances - Performance
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• Significance predicted in almost no time 
Precision almost as good as that expected in blind analysis
• The latter exploits the PLR test statistics and rely on exact knowledge of the signal and 

background shape
*concept proved on synthetic data
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Example II - symmetries

M. Birman, B. Nachman, R. Sebbah, G. Sela, O. Turetz, SB [2203.07529]

• The SM property: 
• Any exact or approximate symmetry of the SM: 𝑒/𝜇, CP, forward backward, …

• The tool:
• Symmetries allows splitting the data into two mutually exclusive datasets

• Under the symmetry assumption – they originate from the same underline distributions
• 𝑁! test statistics that identifies rapidly asymmetries 

between two datasets –
in this case the datasets are projected to histograms
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Example II - symmetries
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• An “ideal” analysis
• Background shape is perfectly known
• Signal shape and resolution are perfectly know
• 0 uncertainties
• Sensitivity calculate with profile likelihood test statistics

• Analysis relaying on symmetry considerations
• Data is split into two mutually exclusive sample –

one serves as a background estimate to the other 
• Background model from the data based on symmetry assumption

• Systematic uncertainty due to available statistics in the “other” sample
• Signal shape and resolution are perfectly know
• Sensitivity calculate with profile likelihood test statistics
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Example II – symmetries - Performance
• The 𝑁' calculation is rapid
• Can scan with no time as many matrices as one want
• Can scan sub-matrices
• Sensitivity is restored fast
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Semi-supervised training vs the DDP
• First attempt to identify asymmetries using ML techniques 

• Demonstrate the potential of such methods but, so far, does not perform as good as 
the 𝑁! test
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Summary
• Thousands of person hours invested so far in search for BSM physics
• Resulted in an impressive set of bounds on many BSM models
• No hints for BSM physics 
• The data is far from being fully exploited –

New physics could easily be hidden in the already collected data
• Complementary search paradigms should be exploited
• The Data Directed Paradigm is one such possibility

• Allows scanning rapidly many different final states and many different selection and mark those 
that are potentially interesting

• Concept demonstrated with two different properties of the SM
• ATLAS searches are slowly ramping up
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