
Ethan Simpson Top UK 2021 - Top + Spin 1

Quantum Entanglement at 
the ATLAS Experiment
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The Measurement

Let’s look here!

• Entanglement in tt pairs

• Bipartite quantum system

• Dileptonic decay channel
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Entanglement Observable
Define the observable

Access through:

Selecting events less than 
some mass cut

Angle between charged leptons 
(boosted into parent top’s frame)
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Method

1. Apply invariant mass cut.

2. Boost leptons into parent tops’ frames.

3. Generate cos phi distribution.

4. Unfold to parton-level.

5. Extract D through linear fit.

ATLAS Entanglement Measurement, quantumTANGO



Ethan Simpson 5

Kinematic Reconstruction

Several top reconstruction techniques 
investigated:
• NeutrinoWeighting
• Sonnenschein method [0603011]
• Ellipse method [1305.1878]

The Ellipse method was selected (trade-off of accuracy and expediency)

Other methods implemented as back-ups for when Ellipse fails.
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https://arxiv.org/pdf/hep-ph/0603011.pdf
https://arxiv.org/pdf/1305.1878.pdf


Unfolding techniques investigated:
• Iterative Bayesian unfolding
• Profile likelihood unfolding
• SVD unfolding

Check unfolding not (too) biased to SM signal.
(Response matrix derived from SM Monte Carlo)
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Unfolding Strategy

RECO

TRUTH
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How things unfolded…

Inject a change in slope, and 
unfold this new distribution.

We were not able to unfold in an 
unbiased manner.
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The Cause

• Poor efficiencies:
Very few reco-level events have 
corresponding parton-level event

• Driven by poor top quark 
reconstruction resolution 

Phase-space too narrow 

• Strong requirement for better top 
quark reconstruction!!
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Calibration Curve

Measure this

True value

Requires range of different MC samples with different values of D.
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Calibration Curve
Positives:
+ Simple to implement
+ Robust method
+ Avoid unfolding issues

Negatives:
- How to generate alternative samples?
- No cosphi distribution
- No unfolding advantages, such as constrained statistical 

uncertainty.
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Summary

• Simple observable from single differential cross-section.

• Phase-space too narrow to unfold successfully.

• Real requirement for superior top reconstruction.

• Use a calibration curve instead to “unfold” single parameter D-
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Auxiliary Material
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ATLAS Measurements
Pedigree in measuring top properties in dileptonic channels.
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Experimental Requirements

• High object-identification efficiencies

• Performant b-tagging 

• Top kinematic reconstruction

• Correction of detector effects

But all in a narrow region of phase-space...
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