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Motivation

•  The ttbar charge asymmetry can appear in ttbar pair production through 
quark-anti-quark annihilation at NLO in QCD 

• Interference between ISR and FSR ①

• Interference between the Born and box diagrams ② 

•  Tevatron has observed 3.4σ deviation with respect to SM for ttbar AFB above 
450 GeV (CDF) and AFB using final state leptons from top (D0)

•  Could be explained by possible new exchange particles Z’ in t-channel or 
different vector with axial coupling.
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②①
J.H. Kühn and G. Rodrigo 

→ negative asymmetry → positive asymmetry 



Charge asymmetry at the LHC

• Proton-proton collisions 

• no forward-backward asymmetry at the LHC 

•  Asymmetry can only arise from qqbar → ttbar process.

•  Quarks on average have large momentum than anti-quarks → rapidity 
distribution of top quark is wider than anti-top
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top
anti-top

AC in SM ≈ 0.01
(J.H. Kühn and G. Rodrigo) 



AC with 1 fb-1 at the LHC
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Eur.Phys.J. C72 (2012) 2039
CMS result with 1 fb-1 
Phys. Lett. B709 (2012) 28
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AC with 1 fb-1 at the LHC 
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• Measured inclusive AFB from the Tevatron and AC from the LHC, 
compared to predictions from the SM as well as potential new physics 
contributions.

• ATLAS and CMS results are in agreement with SM.
• 6 new physics models are in tension with experimental results.

Mtt > 450 GeV

Eur.Phys.J. C72 (2012) 2039

http://www.springerlink.com/content/61x5lq055240w477/
http://www.springerlink.com/content/61x5lq055240w477/


AC with 5 fb-1 at the LHC

•  ATLAS

•  dilepton (ATLAS-CONF-2012-057)

•  Inclusive top AC sensitive variable, yt 

•  Inclusive lepton AC sensitive variable, ηl 

•  CMS

•  lepton+jets (TOP-11-030 - arXiv:1207.0065 )

•  Inclusive top AC sensitive variable, yt

•  Differential top AC 

•  Rapidity, transverse momentum, mass of ttbar system
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The result with 5 times more data...



Event selection
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• Electron
• pT > 30 GeV
• |η| < 2.5

• Muon
• pT > 20 GeV
• |η| < 2.1

• Particle-flow based isolation
• Second lepton veto
• at least 4 Particle-flow jets

• pT > 30 GeV, |η| < 2.5
• At least one b-tagged jet

CMS
ATLAS

• Electron
• pT > 25 GeV
• |η| < 2.5

• Muon
• pT > 20 GeV
• |η| < 2.5

• Detector-based isolation 
• A pair of opposite sign lepton
• Z veto |Mll-MZ| > 10 GeV (ee, μμ)
• MET > 60 GeV (ee, μμ)
• H T (sum of two leptons and jet 
energies) > 130 GeV (eμ)
• at least 2 jets

• pT > 25 GeV, |η| < 2.5

(l+jets selection)

(dilepton selection)



Background estimation
•  Matrix method (ATLAS)

• to get fake contribution 

•  Fit using template MET, M3 (CMS) -M3-invariant mass of three jets with largest ∑ pT 
QCD shape from data : loosened lepton isolation

• fit MET for MET < 40 GeV 

• fit M3 for MET > 40 GeV

• individual template for W++jet and W-+jet 

• Z+jets and single top constrained to SM prediction
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tt = two tight leptons 
ll = two loose leptons

rr = two real leptons
ff = two fake leptons

r = tight selection efficiency using data Z candidates.
f = fake rate from enhanced QCD data sample.

Invert!



After final selection
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Top quark reconstruction
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• Based on probability from ttbar prediction (LO)
• Two neutrinos with unknown z components.
• Constrain top mass = 173.3 GeV and W mass = 80.4 GeV
• Add two more equations relating MET and ttbar pT

• Solve for many different points in phase-space by varying the four-
momentum of leptons and jets according to their width and resolution 

• Calculate weighted average for a given permutation.
• Take permutation with the highest weight

• Matches the true combination in 47% of the cases. 
(random choice lead to 30%) 

ATLASdilepton



Top quark reconstruction
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• Neutrino z component assignment from MET and W mass
• Considering all jet combination
• Select best hypothesis ψ using two top masses, hadronic decay W mass and 
b-tagging information

• Li(mi) : likelihood ratio function that provides a measure of probability for a 
given hypothesis with a certain value of the reconstructed mass mi.
• m1,m2,m3 : de-correlated masses of top quarks and hadronic decay W 
mass.
• Pb(x) : probability of a jet with b tag discriminator value x is assigned to b-
quarks. 
• Assign lepton charge for leptonic decaying top and hadronic decay top is 
assumed to have opposite sign.
• 72% of all events,  the sensitive values of top quark are reconstructed with 
correct sign.

CMSl+jets

http://dx.doi.org/10.1016/j.physletb.2012.01.078
http://dx.doi.org/10.1016/j.physletb.2012.01.078


After top quark reconstruction
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Unfolding

14

0

0.1

0.2

0.3

|
t

|-|y
t

bin of generated |y
1 2 3 4 5 6 7 8

| t
|-

|y
t

b
in

 o
f 

re
c
o

n
s
tr

u
c
te

d
 |
y

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

CMS Simulation

• Dependency of reconstructed AC vs 
generated AC → can be described by a 
straight line.
• Raw AC is corrected for both the 
slope and the offset of the fitted line.

ATLAS

CMS
• Regularized unfolding

• Subtract background
• Correct detector effect
• Correct efficiency

•2D Regularized unfolding

• Unfold to remove detector effects
• efficiencies
• migrations
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Efficiency correction
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• Selected events divided by generated events.

For 2D unfolding
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Top charge asymmetry
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• Measured ∆|y| distribution for each decay mode

Combination (dilepton) Combination (dilepton+single lepton)

MC@NLO

ATLAS

Blue method : best linear unbiased estimator



Top charge asymmetry
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Asymmetry based on lepton
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• Lepton η distribution for each decay mode

• Charge asymmetry from ttbar is transmitted to lepton 
• Can measure a purely lepton-based asymmetry 
• Benefit from high resolution of lepton
• This measurement is also sensitive to top polarization.

ATLAS



Asymmetry based on lepton
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• Measured ∆|η| distribution for each decay mode

MC@NLO

Combination (dilepton)

ATLAS

Blue method : best linear unbiased estimator



Systematic uncertainty
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ATLAS lepton AC top AC CMS top AC

CMS
• Pseudo-experiment test with 
different AC weightings →
take the difference between simulation 
and unfolded result.

ATLAS
• Signal generator            

• MC@NLO vs POWHEG
• Calibration curves by considering a variety 
of new physics models, heavy axi-gluons, Z’ 
and color triplets.



Result summary
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• ATLAS
 
top AC (combined)= 0.029±0.018(stat.)±0.014(syst.)
lepton AC (dilepton) = 0.023±0.012(stat.)±0.008(syst.)

• CMS

top AC (lepton+jets) = 0.004±0.010(stat.)±0.012(syst.)

• Results correspond to 5 fb-1

• All are in agreement with the SM expectations 
within uncertainties.

AC in SM ≈ 0.01
(J.H. Kühn and G. Rodrigo) 



Differential charge asymmetry
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•  Rapidity of ttbar system, yttbar

•  gluon-gluon fusion in central, qqbar annihilation in large rapidity region.

•  Transverse momentum of ttbar system, pttbar

•  large ptt, dominant contribution from ISR/FSR→ Asymmetry negative

•  ttbar system mass, mttbar

•  quark annihilation is enhanced for large mtt 
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EFT - Effective Field Theory to explain Tevatron result by introducing 
effective vector-axial coupling of gluon.

CMS

E. Gabrielli, A. Giammanco, M. Raidal et al., 
“Effective axial-vector coupling of gluon and top 
quark charge asymmetry at the LHC”, (2011). 



Conclusion

•  Measured the asymmetry with full data set in 2011 not only for top 
AC but also for lepton AC

•  LHC results do not confirm the Tevatron observation of charge 
asymmetry deviation.

•  Still more statistics is needed to validate or exclude the deviation.
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After final selection
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AC with 1 fb-1 at the LHC
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electron

muon

∆|η| = |ηt| − |ηt̄|

∆y2 = (yt − yt̄)× (yt + yt̄)

CMS result with 1 fb-1 →
Phys. Lett. B709 (2012) 28

http://www.springerlink.com/content/61x5lq055240w477/
http://www.springerlink.com/content/61x5lq055240w477/


Event yield
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• ttbar fraction is ~ 80 %

ATLAS (dilepton)

CMS (l+jets)


