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Boosted top quark

❑ Why boosted top quark?
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• Important portal to new physics 
• Easier to separate signal from the background

[1012.5412]

❑ Tagging of boosted top quark jet

boosted top 

QCD jet

•  and  masses 
• 3-subjet structure 
• Azimuthal angular correlation

𝑾 𝒕 CMS-PAS-
JME-13-007, 
1006.2833, 1808.07858

❑ Measurement of top polarization in boosted regime

• Production mechanism [arXiv:1103.3274] 
• Polarization of top  azimuthal angular correlation⟸
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Azimuthal angular correlation in  decay 𝒕 → 𝒃𝑾 ( → 𝒇�̄�′ )

❑ Azimuthal correlation angle
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 is the angular correlation.𝝈−𝟏𝐝𝝈/𝐝𝝓

❑ Depends on  polarization𝑾
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•  decay plane tends to be   linear polarization. 
• Direction:   plane
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Azimuthal angular correlation: result

❑ Azimuthal correlation
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𝜙 ∈ [0,2𝜋]

❑ : “roundness” of the energy distributioncos𝟐𝝓
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 only exists in the boosted top frame𝐜𝐨𝐬𝟐𝝓



Azimuthal angular correlation: result

❑ Azimuthal correlation
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𝜙 ∈ [0,2𝜋]

❑ : “forward-backward” asymmetry along cos𝝓 𝒙
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• Requires distinguishing  from : semileptonic  decay. 
• For hadronic  decay, we cannot tell  from 

𝒇 �̄�′ 𝒕
𝒕 𝝓 𝝓 + 𝝅

𝑥

𝑦Boosted top

𝜙

𝑏

𝑓

𝑓 ′ 

cos𝝓

𝑊

𝑥 𝑥



Dependence on top polarization
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semileptonic hadronic

Angular correlation helps measure  
top polarization 𝝀

(with SM  coupling)𝑾𝒕𝒃
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Azimuthal correlation as a boosted top tagger

❑ 3-point energy correlator of QCD jet
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QCD jet

[2011.02492]

 is small𝝀𝒋 ≃ 𝟏%Parity conserving 𝟏 + 𝝀𝒋 cos𝟐𝝓 𝝓 ∈ [𝟎, 𝝅]

❑ Comparison to QCD jet
Top jet (hadronic mode):  𝟏 + 𝝀𝑻 cos𝟐𝝓

Polarization 

Top 
𝝀𝑻 ≫ 𝝀𝒋

 correlation can be a boosted top quark taggercos𝟐𝝓



Summary

❑ Proposed a new observable
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•  angular correlation  “roundness” of the top jet 
• Due to  linear polarization 
• Only exists in boosted top frame

cos𝟐𝝓 ⟹
𝑾

❑ Phenomenological significance

Thank you!

• Measuring longitudinal polarization of boosted top 
• Distinguish from QCD jet 
• Suppress top background

Boosted top
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