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Indirect Search in the ttbar final state 
(polarization, spin, asymmetries, differential distributions)



W polarization 
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• ATLAS and CMS 7 TeV measurements combined with BLUE
➔ ATLAS lepton+jets 35 pb-1, lepton+jets, dilepton 1.0 fb-1 

➔ CMS single muon channel 2.2 fb-1

• in agreement with the NNLO predictions
results:

• next steps ?
➔ combination with Tevatron



Spin correlation measurement in ATLAS 
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• top-antitop spins are produced correlated 

• top decays before hadronizing
➔ the angles of its decay products carry informations about the top quark spin

➔ degree of correlation:

➔ can be extracted from ΔΦ(l+,l-) in the lab frame with a choice of basis

result: fraction of SM =

ASMhel = 0.31



Spin correlation measurement in CMS 
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• CMS 5 fb-1 dilepton result (7 TeV)
➔ result in agreement with SM predictions: 

➔ include measurements of some related asymmetry variables at high Mttbar
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• next steps ?
➔ differential measurements (arXiv: 1003.3926)

➔ other observables (arXiv: 1212.4888)

fSM = 



Polarization in ATLAS
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• In QCD, the top quark in ttbar production are produced unpolarized

• Polarization can be measured through the angular distributions of the top decay products  

• ATLAS 4.7 fb-1 result (7 TeV) in the lepton+jets channel
➔ using the lepton angle in the helicity basis

compatible with the expectation of p=0, f=0.5

αl: spin analysis power



Polarization in CMS
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• CMS 5.0 fb-1 result in the dilepton channel (7 TeV):
➔ using the lepton angle in the helicity basis

• next steps ?
➔ more statistics

➔ BSM model exclusion

➔ ... 

compatible with the expectation of Pn=0

unfolded:



• forward-backward asymmetry (dominated by qqbar -> ttbar)
➔ top based or lepton based: 

• some excess compared to SM predictions
➔ D0 lepton+jets, 5.4 fb-1: ~ 3σ in the lepton based asymmetry, no mass dependence 

➔ D0 dilepton, 5.4 fb-1: 

➔ CDF lepton+jets, 9.4 fb-1: ~ 3σ excess at large Mttbar invariant mass

ttbar asymmetry at the Tevatron 
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D0 lepton+jets:

ttbar-based (unfolded):
AFB=

AFB (MC@NLO)=

lepton-based (unfolded):

AlFB (MC@NLO)=

AFB= 0.164 ± 0.045 (stat+syst)

CDF lepton+jets ttbar-based

AFB (SM)= 0.066 ± 0.020 

CDF lepton+jets lepton-based

AlFB = (SM)

inclusive, unfolded:

unfolded:



Charge asymmetry in the lepton+jets channel in ATLAS
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• the dominant gg->ttbar production at LHC is symmetric
➔ smaller expected asymmetry than at the Tevatron

➔ is enhanced at large Mttbar

• ATLAS result in lepton+jets: 1 fb-1 (7 TeV)
inclusive, unfolded:

constraints on BSM models

for Mttbar > 450 GeV



Charge asymmetry in the lepton+jets channel in CMS 
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• result with 5 fb-1 (7 TeV)

• additional differential measurements
➔ vs M(ttbar), y(ttbar), pt(ttbar)

inclusive, unfolded:

• next steps ?
➔ more statistics at large Mttbar, measurement in space space with enhanced SM prediction

➔ goal: to get sensitive to the SM prediction (the prediction for 13 TeV will be even smaller ...)

➔ collider independant observable (arXiv:1205.1898)



Charge asymmetry in the dilepton channel in ATLAS
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• Complementary to the measurement in the lepton+jets channel:
➔ also sensitive to polarization effects

• Drawbacks
➔ more difficult to reconstruct the ttbar final state

• ATLAS 4.7 fb-1 result (7 TeV)
➔ ttbar-based and lepton-based inclusive and unfolded



Charge asymmetry in the dilepton channel in CMS
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• result with 5 fb-1 (7 TeV)
➔ inclusive (unfolded):

➔ differential measurements: vs M(ttbar), y(ttbar), pt(ttbar)

• next steps ?
➔ more statistics inclusive and differentially 

➔ 2D ttbar vs lepton based 

➔ dependency vs lepton pt (arXiv:1212.4003)



Differential measurements in ATLAS
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• Differential measurements important to:
➔ tune MC

➔ search for BSM physics (resonant or non resonant)

• ATLAS 2 fb-1 result in the lepton+jets channel (7 TeV)



Differential measurements in CMS
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• CMS results with 12 fb-1 (lepton+jets and dilepton 8 TeV)
➔ unfolded measurements in good agreement with predictions

• next steps ?
➔ include in MC tuning

➔ measurements in visible phase space

➔ BSM model exclusion



Discussion
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