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 Introduction: which asymmetries are we measuring? 

 𝑡𝑡  and lepton-based charge asymmetries 

 Analyses based on different 𝑡𝑡  final state: 

Single lepton channel   Dilepton channel 

 

 Object selection 

 Unfolding procedures: from reco to parton level 

 Results from the two experiments: 

 Inclusive and differential measurements 

 Results vs BSM models predictions 

 Conclusions & plans 
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 𝑡𝑡  forward-backward asymmetry is a tiny QCD NLO effect  present 

in 𝑞𝑞 /𝑞𝑔 production mechanisms 

 It arises from the interference among these diagrams: 

 

 

 

 

 

 

 

 The net effect is a positive asymmetry, i.e. the top is emitted 

preferentially in the incoming quark direction 

 At hadron colliders it’s difficult to reconstruct the parton 4-vectors. 

Hence lab. frame variables are used, like top/antitop rapidities  

 Tevatron choice:                          

 «Forward-backward» asymmetry 
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Which asymmetries @ LHC ? 

 In pp collisions, impossible to distinguish the direction of the quark  Dy 

symmetric by definition.  In addition only 20% of events come from 𝑞𝑞  / 𝑞𝑔 

hard scattering. But still a small asymmetry exists in the 𝑞𝑞  events since 

valence quarks are more boosted than sea antiquarks. 

 

 

 

 

 

 

 
 

Lepton-based  
asymmetry 

 Advantages:  Lepton are very precisely measured; polarization effects 

 Drawbacks:   Low statistics 

Charge asymmetry variable: 

CKM 2012 Cincinnati, 

10/01/12 

«Forward/backward-central»  asymmetry 
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Single lepton channel: CMS (1) 
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 Event selection: 7 TeV, 4.7 fb-1 

- One electron (muon) with ET>30 GeV (20 GeV); |η|<2.5 (2.1) 

- Lepton veto: no electron (muon) with ET>15 GeV (10 GeV) 

- ≥ 4 jets with PT > 30 GeV, |η| < 2.4. At least one b-jet 

 

CMS-TOP-11-030; arXiv:1207.0065 
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Single lepton channel: CMS (2) 
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 𝐭𝐭  system reconstruction: 
 

 Reconstruct the top/antitop 4-momenta using: leptons, 

jets and MET 

 PZ(ν) from lepton and MET with W-mass constraint 

 Consider all jet-quark assignment  several hypotheses 

 Build a likelihood to select  only 1 hypothesis using the 

masses of the reconstructed top, WHAD and b-tag/light-

tag probablities 
 In 72% of the cases, the Δ|y| variable is reconstructed 

with the correct sign 
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Single lepton channel: CMS (3) 
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Single lepton channel: CMS (4) 

Unfolding: Procedure to pass from reconstructed to partonic quantities.  

Main effects to be corrected for: 

- Background subtraction to isolate 𝑡𝑡  contribution 

- Migration effects due to resolution/reconstruction 

- Selection/acceptance effects 

Implementation:  

S matrix (from MC)  

inversion and regularization  

Measured 

spectrum 

True 

spectrum 

Migration 

Matrix S 

1D 

2D 
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Single lepton channel: CMS (5) 

Inclusive asymmetry: 
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Single lepton channel: CMS (6) 

Differential asymmetries 

Asymmetries measured as a function of the: 

- Rapidity of the 𝑡𝑡  system (left)  AC increases with |Ytt |; 

- PT of the 𝑡𝑡  system (middle);  Born and ISR/FSR  contributions; 

- Inv. mass of the 𝑡𝑡  system (right)  AC increases at high mtt values; 

 

No significant hints of New Physics contributions 
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Single lepton channel: ATLAS (1) 

 Event selection: 7 TeV, 1.04 fb-1 

-   Electron(muon) with PT>25 GeV(20 GeV);|η|<2.47 (|η|<2.5); 

- ≥ 4 jets with PT > 25 GeV; at least one b-jet; 

- Electron channel: MET > 35 GeV && MT(W) > 25 GeV; 

- Muon channel: MET > 20 GeV && (MET+MT(W)) > 60 GeV; 
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Multijet, W+jets backgrounds, estimated from data. Remaining 

backgrounds from MC simulation. 

Eur. Phys. J. C72 (2012) 2039 
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Single lepton channel: ATLAS (2) 

- Full top/antitop kinematic has to be reconstructed to measure the 

asymmetry. 

- Kinematic Likelihood fitter was used for this purpose. 

 Inputs: PT, h, f for the lepton and the 5 hardest jets in the 

event, MET 

 Model: 𝑡𝑡  decay from MC. M(W) , M(top) and widths fixed; 

 Breit-Wigner parameterisation of measured vs partonic jet 

energies 

 Transfer functions to take into account for resolution effects in 

reconstructing jets from partons derived from MC 

 Assign a btag/rejection probability to each jet in the likelihood 

 Loop over the possible jets combinations assigning a 

probability to each event. Then choose the best combination 

 

 
- In the 62% w/o btag and 74% with btag of the cases, the 

reconstructed top/antitop matches the original ones. 
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Single lepton channel: ATLAS (3) 

 

 

- The 𝑺𝒊𝒋 “Response Matrix” is inverted using iteratively the Bayes 

theorem with the truth Δ|y| distribution from MC@NLO as prior for the 

first iteration 

- The posterior probability in each iteration is computed and then used to 

compute the prior for the next iteration 

- The regularization is automatically obtained with a small number of 

iterations 

𝑶𝒊 = Σ𝒋𝑺𝒊𝒋𝑻𝒋 
Observed 

distrib. 

Truth distrib. 
Unfolding procedure: 
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Single lepton channel: ATLAS (4) 
SM PREDICTION (MC@NLO): Ac=0.006 ± 0.002 



Single lepton channel: ATLAS (5) 

Differential asymmetries & Interpretation 

Asymmetries after unfolding measured as a function of mtt: 

Combining AFB (CDF) and AC 

measurements  (inclusive (a)  

and for mtt > 450 GeV (b)) for 

several theoretical models 

(W’,Z’,Ω4,ϕ,𝐺µ,ω4) generated 

with PROTOS  to scan the 

mass-coupling parameter 

space. Some models (Z’, W’) 

seem to be disfavoured. 

(a) inclusive (b) mtt > 450 GeV  
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Dilepton channel: ATLAS (1) 

 Exactly two leptons (ee, µµ, eµ ) 

 ET(e) > 25 GeV; PT(µ)>20 GeV 

 At least 2 jets with PT>25 GeV, no b-jet requirements 

 ee/µµ channels: MET>60 GeV + m(ll)>15 GeV  

+ Z peak veto (± 10 GeV window)  

 eµ channel: HT>130 GeV 

 Multijets/W+jets backgrounds estimated 

from data 

Event selection: 7 TeV, 4,7 fb-1 
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Dilepton channel: ATLAS (2) 

- 𝑡𝑡  system difficult to reconstruct for the presence of two neutrinos; 

The reconstruction method is based on the computing a probability 

distribution using the 𝑔𝑔 → 𝑡𝑡  LO Matrix Element (ME). 

• 22 unknowns (top/antitop, W±, neutrinos 4-momenta) 

• 16 measured quantities: leptons and jets 4-momenta 

• Fix m(top) and m(W) + 2 equations to relate PT(𝝂) and PT(𝐭𝐭 ) 
• Use transfer function to take into account for jets resolution 

• Use MC for PT(𝒕𝒕 ) depending on the number of jets (2 or more) 

For each l-j combination a weight is computed proportional to the LO 

ME, PDF and transfer functions from partonic to reco quantities:  

 
 

 

gluon momentum fraction 

LO matrix element 

Partonic quantity 

Reco quantity 

The combination with the highest weight is finally choosen. 

The right lepton-jet combination is found in the 47% of the cases. 
CKM 2012 Cincinnati, 
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Dilepton channel: ATLAS (3) 

Δ|y| (𝒕𝒕 ) and Δ|η| (leptons) distributions 

ee 

ee 

eµ 

eµ 

µµ 

µµ 

Lepton 

𝒕𝒕  
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Dilepton channel: ATLAS (4) 

 Calibration is needed to compare the measurement to the 

theoretical predictions. It corrects for resolution and acceptance 

effects going back to the parton level asymmetries 

 Idea: use MC@NLO 𝑡𝑡  sample to build a calibration curve, i.e. a 

function that for different parton level injected asymmetries, gives 

back the correspondant reconstructed asymmetry 

 Different asymmetries (from -10% to 10%) obtained artificially 

reweighting the original MC@NLO sample, are injected at the true 

level. The correspondant reco asymmetries are then computed 

and a fit with a straight line is finally performed. 

 Measured asymmetries are rescaled by the slope and the offset 

obtained in the fit. 

 Possible effects from New Physics have been tested reweighting 
the original MC@NLO 𝑡𝑡  sample to describe the various Δ|y| and  

Δ|η| distributions at parton level for some New Physics samples 

(axigluons with different asymmetries) 

 CKM 2012 Cincinnati, 
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Dilepton channel: ATLAS (5) 

Final asymmetries after background subtraction and calibration: 

Lepton-based asymmetry 𝒕𝒕  asymmetry 

Combination 

SM (MC@NLO): 0.004 ± 0.001 

Main systematics: signal modelling (generator, ISR/FSR) and 

calibration procedure. 

Combination of single lepton and dilepton channel: 

SM (MC@NLO): 0.006 ± 0.002 
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No significant 

deviations from SM. 
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Conclusions & Plans 
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 The 𝑡𝑡 -based charge asymmetry in single lepton and dilepton 

channel and the lepton-based asymmetry measurements by 

ATLAS &CMS experiments have been presented  

 Both inclusive and differential measurements have been 

performed by the two experiments 

 CMS (single lepton) and ATLAS (dilepton) have measured the 

asymmetries with the full 2011 statistic at √s =7 TeV 

 No significant excess w.r.t. SM expectation have been seen 

 

2012/2013  plans: 

  

 Roughly 20 fb-1 will be collected in 2012 at √s = 8 TeV 

 These data will be a great possibility to perform these 

measurements since the qq fraction is smaller at √s = 14 TeV 

 Both experiments plan to analyse these data soon 
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Single lepton channel: ATLAS 
Stat. + syst. uncertainties 
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Systematic uncertainties: Lepton asymm. 

 eµ and µµ channels show 

a lower overall systematic 

uncertainty w.r.t ee 

channel 

 Dominat syst. in ee 

channel is the QCD data-

driven estimate and the 

calibration (i.e. error 

propagation from fit 

parameters) 

 If the syst affects the 

background  perform 

subtraction, recompute the 

asymmetry and calibrate 

 If the syst affects the  

signal  redo the 

calibration curves 
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Systematic uncertainties: 𝒕𝒕  asymm. 

 The three channels show 

similar overall systematic 

uncertainty 

 Some fluctuation in some 

systematic (ISR/FSR, 𝑡𝑡  
generator) especially in 

the ee channel is due to 

limited available statistics 

 If the syst affects the 

background  perform 

subtraction, recompute 

the asymmetry and 

calibrate 

 If the syst affects the  

signal  redo the 

calibration curves 
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 Multijet background estimation: Matrix Method 
- Define “loose” and “tight” lepton selection criteria  

- Real efficiencies measured in Zll events 

- Fake rate estimation measured in control region with low MET and MT(W) for 

muons, in low MET for electrons 

 Other backgrounds:  
   Single top, Dibosons, Zll + jets for normalization and shapes from MC 

 

Dilepton channel: ATLAS  

ee µµ eµ 
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