
Intrinsic top quark properties - 
top mass, charge and 

polarization  

Matteo Franchini  

for the ATLAS collaboration 



• Top Properties in brief 

• Production at LHC & decay  

• Mass 

• Charge 

• W polarization in top decay 

• Summary 

24/4/2013 Intrinsic top quark properties - Matteo Franchini 2 

Outline 



• Top is the heaviest fundamental 
particle (𝑚𝑡𝑜𝑝 = 173.2 ± 0.9 𝐺𝑒𝑉)[1].  

 

• It decays faster [~0.5 ∙ 10−24𝑠] than its 
hadronization time [~3 ∙ 10−24𝑠] 
unique possibility to study a bare 
quark 

 

• Top mass is a fundamental SM 
parameter and it provided an indirect 
Higgs mass constraint 

 

• Many BSM scenarios predict heavy 
particle strongly coupling with the top 

 

• Dominant background in most BSM 
scenarios. 
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Top Overview 

t

[1] FERMILAB-PUB-12-336-E 



Production at LHC & decay  

 

• Top pair production (strong 
interaction) 𝜎𝑡𝑡 = 172.0−1.2

+0.9 𝑝𝑏 

– 85% 𝑔𝑔 → 𝑡𝑡  

– 15% qq → 𝑡𝑡  

 

 

• Single top production (weak 
interaction): 

– t-ch:  64.6−2.0
+2.7 𝑝𝑏  

– s-ch:  4.6± 0.2 𝑝𝑏  

– Wt:   15.7± 1.1 𝑝𝑏  

 

• BRSM(t→bW)≈100% 

 

• Top pair decay in different 

channels grouped in: all hadronic, 

l+jets and dileptonic 
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LHC top factory: 5𝑓𝑏−1 @ 𝑠 = 7𝑇𝑒𝑉 + 20𝑓𝑏−1 @ 𝑠 = 8𝑇𝑒𝑉        per experiment 

5,600,000 top pairs and 2,700,000 single top events 

10.1103/PhysRevD.83.091503, CERN-PH-TH/2013-056, TTK-13-08 

http://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevD.83.091503&v=466e5b98


• ℓ+jets channel 

• Fully Hadronic Channel 

• Combination 

24/4/2013 Intrinsic top quark properties - Matteo Franchini 5 

Top Mass 



Top Mass 
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Generate some template MC 

kinematic distributions 

varying one or more variables. 

Interpolate all template 

distributions to have a 

Probability Density 

Function (PDF) 

distribution for signal 

(and background). 

Perform a likelihood fit 

of data using the 

estimated PDF .  

General technique used in many of the following analysis (not only top mass)  



Top Mass – Template Method  

• Based on the observable 𝑅32 =
𝑚𝑡𝑜𝑝
ℎ𝑎𝑑

𝑚𝑊
ℎ𝑎𝑑 to 

extract 𝑚𝑡𝑜𝑝 

 

• W and top mass reconstructed using a 
kinematic fit based on the 𝑡𝑡  process 
likelihood. (70% eff.) 

 

• Fit 𝑅32 with 2Gauss + Landau  PDF 

 

• Algorithm performance tested via pseudo-
experiments 
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𝑡𝑡  ℓ+jets channel L=1.04 fb-1  

𝑚𝑡𝑜𝑝 = 174.4 ± 0.9𝑠𝑡𝑎𝑡  ± 2.5𝑠𝑦𝑠𝑡 𝐺𝑒𝑉 1D 

Eur.Phys.J. C72 (2012) 2046 Main Systematics:  JES, b-tag, I/FSR, hadronisation 

http://www.springerlink.com/content/xlw051704773025n/
http://www.springerlink.com/content/xlw051704773025n/


Top Mass – Template Method  

• Evaluate 𝑚𝑡𝑜𝑝 and Jet Scale Factor(JSF) at the 
same time using 2 dim. likelihood fit  

 

• 𝑚𝑡𝑜𝑝 uncertainty includes part of JES, I/FSR, … 
contributions. 

 

• Use a kinematic fit with a 𝜒2 minimization 

 

• Template sample varying 𝑚𝑡𝑜𝑝[160-190] GeV and 
JSF [0.9-1.1] 
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L=1.04 fb-1  

𝑚𝑡𝑜𝑝 = 174.4 ± 0.9𝑠𝑡𝑎𝑡  ± 2.5𝑠𝑦𝑠𝑡 𝐺𝑒𝑉 1D 

𝑚𝑡𝑜𝑝 = 174.5 ± 0.6𝑠𝑡𝑎𝑡  ± 2.3𝑠𝑦𝑠𝑡 𝐺𝑒𝑉 2D 

Eur.Phys.J. C72 (2012) 2046 

𝑡𝑡  ℓ+jets channel 

Main Systematics:  JES, b-tag, I/FSR, hadronisation 

http://www.springerlink.com/content/xlw051704773025n/
http://www.springerlink.com/content/xlw051704773025n/


Top Mass – Template Method  

• Background only from combinatorial and 
multi-jet events. 

 

• Multi-jets PDF via data driven estimation 

 

 

• Event Mixing Algorithm: event with N° jets = 

5    the 6th jet (ordered by 𝑝𝑇) from events 
with ≥ 6 

 

• Top mass evaluated from a binned 
likelihood fit 
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𝑡𝑡  fully had channel L=2.04 fb-1  

𝑚𝑡𝑜𝑝 = 174.9 ± 2.1𝑠𝑡𝑎𝑡  ± 3.8𝑠𝑦𝑠𝑡 𝐺𝑒𝑉 All Had. 

ATLAS-CONF-2012-030 
Main Systematics:  JES, b-tag, I/FSR, bkg modelling 

Validation Sample 



Top Mass - Combination 

• ATLAS + CMS combination is performed using the 

Best Linear Unbiased Estimator (BLUE) method  

24/4/2013 Intrinsic top quark properties - Matteo Franchini 10 

 LHC precision: 0.8% 

 

 Tevatron precision: 0.6% 

Tevatron has smaller 

systematics contribution 

ATLAS-CONF-2012-095 
LTevatron=8.7 fb-1  
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Top Charge 



: 

– 𝑏𝑗𝑒𝑡 charge as 𝑄𝑏𝑗𝑒𝑡 =
 𝑞𝑖 𝑗  ∙ 𝑝𝑖

1
2 

𝑖

 𝑗  ∙ 𝑝𝑖
1
2 

𝑖

 

– Consider at most 10 highest 𝑝𝑇 charged tracks in a 
R=0.25 cone around b  decrease pileup 
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Top Charge L=0.7 fb-1  

Test exotic hypothesis of a -4/3 charged top quark 

𝑄𝑐𝑜𝑚𝑏 = 𝑄𝑏𝑗𝑒𝑡 ∙ 𝑄ℓ 

𝑡𝑡  ℓ+jets channel 

ATLAS-CONF-2011-141 
Exotic Top quark excluded at more than 5σ 

– Consider muonic b decay BR(𝑏 → 𝜇 + 𝜈 + 𝑋)=11% 

– μ inside b cone  the same sign of the b 

– Main bkg from 𝑏 → 𝑐 → 𝜇 + 𝜈 + 𝑋(BR=10%).μ has 
opposite sign than b. Rejected with a 𝑝𝑇

𝑟𝑒𝑙(𝜇) cut. 

Main Systematics:  MC modelling, I/FSR 
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W polarization in Top decay 
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W polarization in Top decay 

• Measure the W angular distribution 

 

• Polarization is an important test of the SM 

 

• Consider only angular distribution wrt 𝜃∗ in the W 
rest frame. 

 

• Angular distribution parameterized with 3 variables 

 

 

  

 

      with  

b 

-b 

ℓ 

ν 

𝜽∗ 

1

𝜎

𝑑𝜎

cos 𝜃∗
=
3

4
1 − 𝑐𝑜𝑠2𝜃∗ 𝐹0 + 

3

8
1 − 𝑐𝑜𝑠 𝜃∗ 2𝐹𝐿 + 

                    + 
3

8
1 + 𝑐𝑜𝑠 𝜃∗ 2𝐹𝑅 

𝐹0 +𝐹𝐿 +𝐹𝑅 = 1 

𝑡𝑡  ℓ+jets & ℓℓ channel  L=1.04 fb-1  

JHEP 1206 (2012) 088 

http://www.springerlink.com/content/1871461553170248/
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W polarization in Top decay 

L=1.04 fb-1  

– PDF from template with 3 different  polarization 
values 

– Binned likelihood fit. 

 

 

 
– 𝐴± related with polarization variables 𝐹0 , 𝐹𝐿  and 𝐹𝑅 . 

– 𝐴± =
𝑁 cos 𝜃∗>𝑧 −𝑁(cos 𝜃∗<𝑧)

𝑁 cos 𝜃∗>𝑧 +𝑁(cos 𝜃∗<𝑧)
 

  
𝑤𝑖𝑡ℎ   𝑧 = ±(1 − 22 3 ) 

𝑡𝑡  ℓ+jets & ℓℓ channel  
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W polarization in Top decay 

 

𝐹𝑅 = 0.01± 0.01𝑠𝑡𝑎𝑡  ± 0.04𝑠𝑦𝑠𝑡 

𝐹𝐿 = 0.32± 0.02𝑠𝑡𝑎𝑡  ± 0.03𝑠𝑦𝑠𝑡 

𝐹0 = 0.67± 0.03𝑠𝑡𝑎𝑡  ± 0.06𝑠𝑦𝑠𝑡 𝐹0 = 0.687± 0.005 

𝐹𝐿 = 0.311± 0.005 

𝐹𝑅 = 0.0017± 0.0001 

SM prediction 

 

ATLAS-CONF-2013-033 

Electroweak Lagrangian for Wtb vertex 

Main Systematics:  JES, lepton mismatch, specific method uncert. 

BLUE Method 



• Top Mass in ℓ+jets and all hadronic channel and 
ATLAS+CMS combination is presented ( precision 0.8% ). 
Results in agreement with theory.  

 

• Exotic top with charge -4/3 is excluded at more than 5σ. 

 
• W polarization in top decay (and combination with CMS) 

is in agreement with theoretical prediction. No BSM 
structures observed in Wtb vertex. 
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Summary 
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Top Mass 



Top Mass – Template Method  

• DiTop mass likelihood fit to find mtop and mW: 

transfer func.(T ), Breit-Wigner (B) distributions, and 

aweight W btag =0.48 

 

 

 

• Binned likelihood for mTop evaluation 
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Top Mass – Template Method  

• To find reco top and W mass 
kinematic fit minimizing chi2 (-
0.06 correlation) 

 

 

• Fit 2 gauss for mW 

• Fit guass+landau for mTop 

 

• Unbinned 2 dim likelihood to get 
mTop 

 

 

•   
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Selection: ttbar l+jets  L=1.04 fb-1  



Top Mass – Fit Method  

• Event reconstructed with 

kinematic fit with chi2 

minimization 
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𝑡𝑡  fully had channel L=2.04 fb-1  

ATLAS-CONF-2012-030 



• Exotic hypothesis of -4/3 top quark tested 

 

 

 

• Evaluated < 𝑄𝑐𝑜𝑚𝑏 > for SM and exotic top via pseudo-

experiments 
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Top Charge 

Exotic Top quark 

excluded at more 

than 5σ 

L=0.7 fb-1  

𝑡(2 3 ) → 𝑏(−1 3 ) +𝑊(+1), 𝑊(+1) → ℓ+ + 𝜈ℓ 

𝑡 (−4 3 ) → 𝑏(−1 3 ) +𝑊(−1), 𝑊(−1) → ℓ− + 𝜈 ℓ 

SM 

Exotic 

ATLAS-CONF-2011-141 

𝑡𝑡  ℓ+jets channel 
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Top Polarization Selection: ttbar l+jets & ll  

L=1.04 fb-1  


