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Introduction 
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What do we want to measure? 
• Top quark total decay width  → lifetime 

 

• 𝑚𝑡 ≈ 173.34 ± 0.67 𝐺𝑒𝑉 
Short lifetime, can’t hadronize 

• How is it produced? 

What is the top quark? 

𝒒𝒒  annihilation 

𝒈𝒈 fusion 



Top quark in SM 

• Main Decay channel: 𝑡 → 𝑊𝑏 

• Very suppressed channel:𝑡 → 𝑊𝑠,𝑊𝑢 (𝐶𝐾𝑀) 

• LO term with 𝑚𝑏 = 0: 𝑡 → 𝑊𝑏 
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|Vtb| 

≈  1.33 𝐺𝑒𝑉 

LO with 𝒎𝒃 = 𝟎 

Including NNLO corrections 



Why should we measure it? 

 

 

 

• SM test → new physics? 
 
 
 

• Experimental accuracy << theoretical 
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Motivation 

Flavour changing neutral current  

SUSY 

H+ 
 



D0: 
• Model-dependent measurement 

• Result:  Γ𝑡 =  2.0 𝐺𝑒𝑉  (25% accuracy) 

 

• Model-independent measurement 
Direct comparison of data with MC top quark mass 
distributions for different 𝜞𝒕𝒐𝒑. 
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Measurements 

How to perform a model-independent measurement? 
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CDF Detector 



𝑡𝑡 → 𝑙 + 𝑗𝑒𝑡𝑠 (𝑙 = 𝑒, µ) 
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Top quark width measurement  in 𝒕𝒕 → 𝒍 + 𝒋𝒆𝒕𝒔    
channel 𝒍 = 𝒆, µ including  𝝉 → 𝒆, 𝝁 



Event Selection 
• Lepton 𝑬𝑻 > 𝟐𝟎 𝑮𝒆𝑽 

• 𝜼 < 𝟏. 𝟏 

• 𝑬𝑻_𝒎𝒊𝒔𝒔 > 𝟐𝟎 𝑮𝒆𝑽 

• 𝑵𝒋𝒆𝒕 ≥ 𝟒 

Jet Selection 
• B tagging, secondary vertex algorithm  
• 𝒕𝒕  candidates divided: 0 b-tag, 1 b-tag, ≥2 b-tag. Different sig/bkg ratio 
• Tight: 

 𝑵𝒋𝒆𝒕 = 𝟒, 𝑬𝑻 > 𝟐𝟎 𝑮𝒆𝑽, 𝜼 < 𝟐. 𝟎 

• Loose: 
𝑵𝒋𝒆𝒕 ≥ 𝟑, 𝑬𝑻 > 𝟐𝟎 𝑮𝒆𝑽, 𝜼 < 𝟐. 𝟎 

      𝟒𝒕𝒉 𝒋𝒆𝒕: 𝑬𝑻 > 𝟏𝟐 𝑮𝒆𝑽, 𝜼 < 𝟐. 𝟒 

• 𝑯𝑻 = 𝑬𝑻
𝒍 + 𝑬𝑻

𝒎𝒊𝒔𝒔+ 𝑬𝑻
𝒋𝒆𝒕

> 𝟐𝟓𝟎 𝑮𝒆𝑽 
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Expacted Backgrounds 

• 𝑊 + 𝑗𝑒𝑡𝑠 

• 𝑍 + 𝑗𝑒𝑡𝑠  

• 𝐷𝑖𝑏𝑜𝑠𝑜𝑛𝑠:𝑊𝑊,𝑊𝑍, 𝑍𝑍  

• 𝑆𝑖𝑛𝑔𝑙𝑒 𝑡𝑜𝑝 

• 𝑀𝑢𝑙𝑡𝑖𝑗𝑒𝑡 (𝑑𝑎𝑡𝑎 − 𝑑𝑟𝑖𝑣𝑒𝑛 𝑡𝑒𝑐ℎ𝑛𝑖𝑞𝑢𝑒𝑠) 

Yields are normalized on NLO cross section 
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Number of events 
Sig., Bkg., Observed  
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Candidate  𝒍 + 𝒋𝒆𝒕𝒔 events are divided into 5 categories 



Final Selection 

• Reconstruct top mass, sensitive to 𝜞𝒕𝒐𝒑: 𝝌𝟐 minimization and 4 jets.  

• Data is compared with total MC (Sig.+Bkg.) templates, where the signal template is take for different     𝜞𝒕𝒐𝒑 

( 𝟎.𝟏, 𝟑𝟎 𝑮𝒆𝑽/𝒄𝟐) 

• Dijet mass , to reconstruct W boson , is calculated independently, inv. mass of two non-b jets.  

• JES(main unc.), 𝒎𝒋𝒋 is used to reconstruct  JES in situ 

• In data Jet energies are corrected to account energy scale error  in calorimeter  with 𝝈𝒄  Unc., The SDF JES 
fractional Uncertainty. 

• In simulation JES with corr. Factor of jet energies 𝟏+𝜟𝒋𝒆𝒔 (𝜟𝒋𝒆𝒔 [−𝟎. 𝟑𝝈𝒄, 𝟎. 𝟑𝝈𝒄]) 
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Systematic Unsertanties 
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Results 
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Γ𝑡𝑜𝑝 < 6.38 𝐺𝑒𝑉, 95% C.L 

1.10 𝐺𝑒𝑉 < Γ𝑡𝑜𝑝 < 4.03 𝐺𝑒𝑉, 68% C.L 

1.6 ∙ 10−25 < 𝜏𝑡𝑜𝑝 < 6.0 ∙ 10−25 
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Thanks for your attention!  


