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Introduction 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Why should we measure the top-quark mass? 
• It is a free parameter of the Standard Model (SM) 

o Produces a significant contribution to electroweak radiative corrections  
o A precise measurement is important for many models of physics beyond the SM 

• Its value is important for the consistency of the SM 

 Experimental measurements in 𝒕𝒕  
• Traditionally measured in the single lepton channel 

• The dilepton and all-hadronic channels are also competitive 

• Most precise measurements are for the “Monte-Carlo mass” 
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Introduction 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Earlier top-quark mass measurements: 
• LHC+Tevatron combination in 2014 

 

 

 

 

 

 

 

 

 

 

 

• Two ATLAS measurements in 2015 (7 TeV) 
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Template method 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

• Determine an observable that depends on the top-quark mass 

• Model the distribution of this observable as a function of the top-quark 
mass with the help of Monte Carlo simulations 

• Use this template to fit the data and measure the top-quark mass 
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Dilepton channel 



Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Using the template method: 
• Data: 20.2 fb−1, 𝑠 = 8 TeV 

• Signal MC: POWHEG-BOX PYTHIA6 with P2011C tune and CTEQ6L1 PDF 

 Chosen observable: 𝑚ℓ𝑏 
• Defined as the average invariant masses of the lepton-b-jet systems 

 𝑚ℓ𝑏 

𝑚ℓ𝑏 

Phys. Lett. B761 (2016) 350-371 

7/27 

56
% 

38
% 

6% 

All hadronic

Single lepton

Dilepton



Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Event preselection: 
• Exactly two opposite-sign reconstructed leptons with 𝑝T > 25 GeV 

• At least one trigger-matched lepton 

• At least two reconstructed central jets with 𝑝T > 25 GeV 

• At least one of the reconstructed jets must be b-tagged (70% efficiency) 

• For the 𝑒𝑒 and 𝜇𝜇 channels: 
o 𝐸T

miss > 60 GeV 
o 𝑚ℓℓ > 15 GeV  
o | 𝑚ℓℓ −𝑚𝑍| > 10 GeV  

• For the 𝑒𝜇 channel: 
o The scalar sum of the transverse momentum of all reconstructed jets and 

leptons (𝐻T) must be larger than 130 GeV 
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Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Additional cuts: 
• The average transverse momentum of the two lepton-b-jet pairs (𝑝T,ℓ𝑏) 

must be larger than 120 GeV 

• 30 GeV < 𝑚ℓ𝑏 < 170 GeV 
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Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Final selection: 
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Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Event yields: 
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Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Template used: 
• Signal: Gaussian + Landau 

• Background: Landau 

• Template is parametrised using only the top-quark mass 
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Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Results: 

𝑚top = 172.99 ± 0.41 stat. ± 0.74 syst.  GeV, (𝜎total = 0.49%)  
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Phys. Lett. B761 (2016) 350-371 

Most precise measurement of the top-quark mass in the dilepton channel to date! 



Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Uncertainties: 

Hadronisation: (POWHEG-BOX) (PYTHIA6 vs HERWIG+JIMMY) 
ISR/FSR: Vary ΛQCD, 𝑄max

2  and ℎdamp 
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Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Combination: 

𝑚top = 172.84 ± 0.34 stat. ± 0.61 syst.  GeV, (𝜎total = 0.40%)  

15/27 

Phys. Lett. B761 (2016) 350-371 



All-hadronic channel 



All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Using the template method: 
• Data: 20.2 fb−1, 𝑠 = 8 TeV 

• Signal MC: POWHEG-BOX PYTHIA6 with PERUGIA2012 tune and CT10 PDF 

 Chosen observable: 𝑅3/2 

• Defined as: 𝑅3/2 =
𝑚𝑗𝑗𝑗

𝑚𝑗𝑗
 (2 per 𝑡𝑡  event) 

ATLAS-CONF-2016-064 

𝑚𝑗𝑗 

𝑚𝑗𝑗𝑗 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Event selection: 
• No reconstructed leptons 

• At least 6 reconstructed jets with 𝑝𝑇 > 25 GeV 

• At least 5 reconstructed jets with 𝑝𝑇 > 60 GeV 

• 𝐸T
miss < 60 GeV 

• At least 2 of the 6 leading-𝑝𝑇 jets must be b-tagged (57% efficiency) 

• Δ𝜙 𝑏1, 𝑏2 > 1.5  
o 𝑏1, 𝑏2 are the two jets most-likely to have originated from a b-quark 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 𝒕𝒕  reconstruction: 

 

 
• Δmbjj = 𝑚𝑏1𝑗1𝑗2 −𝑚𝑏2𝑗3𝑗4  

• 𝜎Δmbjj
= 21.60 ± 0.16 stat.  GeV 

• 𝑚𝑊
MC = 81.18 ± 0.04 stat.  GeV 

• 𝜎𝑚𝑊
MC = 7.89 ± 0.05 stat.  GeV 

• Try each combination and choose the one with the lowest 𝜒2 

 

 Further event selection requirements: 
• min 𝜒2 < 11 

• Δ𝜙 𝑏,𝑊 < 2 
o Δ𝜙 𝑏,𝑊 : average separation of the W-boson candidates and their associated  

b-tagged jet 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Multi-jet background estimation: 
• Estimated using a data-driven method (ABCD method) 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Multi-jet background estimation uncertainty: 
• Alternative regions: ABCDEF 

o Regions A, C and E are used to estimate the normalization 
o Regions B and D are used to estimate the shape 
o Region F is the signal region 

 
 
 
 
 
 
 
 
 
 
 

o The difference between the measured top mass using the ABCD and the  
ABCDEF methods is 0.16 GeV 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 22/27 

ATLAS-CONF-2016-064 

Expected purity: 34% 



All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 

 

 

 

 

 

 

 
 

 

• Two 𝑅3/2 per event 

• Correlation between them: 0.59 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Template used: 
• Signal: Novosibirsk 

• Background: Landau 

• Template depends on the top-quark mass and the background fraction 
parameter (𝐹bkgd)  
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Results: 

𝑚top = 173.80 ± 0.55 stat. ± 1.01 syst.  GeV, (𝜎total = 0.66%) 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Uncertainties: 

Hadronisation: (POWHEG-BOX) (PYTHIA6 vs HERWIG) 
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Summary 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 27/27 



Thank you for your 
attention! 



Backup 



Dilepton channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Trigger: 
• Single electron or muon trigger (𝑝T > 24 GeV) 

 Electron candidates: 
• 𝐸T > 25 GeV and |𝜂| < 2.47 

 Muon candidates: 
• 𝑝T > 25 GeV and |𝜂| < 2.5 

 Jet candidates: 
• Built using the anti-kt jet clustering algorithm with a radius parameter of 
𝑅 = 0.4 

• 𝑝T > 25 GeV and 𝜂 < 2.5 

 Flavor tagging: 
• MV1 b-tagging algorithm at 70% efficiency 
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All-hadronic channel 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Trigger: 
• At least 5 jets with 𝑝𝑇 > 55 GeV 

 Electron candidates: 
• 𝐸T > 25 GeV and |𝜂| < 2.5 

 Muon candidates: 
• 𝑝T > 25 GeV and |𝜂| < 2.5 

 Jet candidates: 
• Built using the anti-kt jet clustering algorithm with a radius parameter of 
𝑅 = 0.4 

• 𝑝T > 25 GeV and 𝜂 < 2.5 

 Flavor tagging: 
• MV1 b-tagging algorithm at 57% efficiency 
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Function forms 

[ Kaven Yau Wong | New results on top-quark mass in ATLAS | Top 2016 | 20-SEP-2016 ] 

 Gaussian: 

• 𝑓 𝑥 =
1

𝜎 2𝜋
𝑒

𝑥−𝜇 2

2𝜎2  

 

 Landau: 

• 𝑓 𝑥 =
1

𝜋
 𝑒−𝑡⋅ln 𝑡−𝑥𝑡 sin 𝜋𝑡 𝑑𝑡
∞

0
 

 

 Novosibirsk: 

• 𝑓 𝑥 = 𝐴𝑒
−0.5 ln2

1+𝑞𝑥Λ𝜏
𝜏2

+𝜏2
 

• 𝑞𝑥 =
𝑥−𝑥0

𝜎
 

• Λ𝜏 =
𝜏⋅sinh 𝜏 ln 4

𝜏 ln 4
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