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At
FB =

N((yt − yt̄) > 0)−N((yt − yt̄) < 0)
N((yt − yt̄) > 0) + N((yt − yt̄) < 0)

0.040 ± 0.006
0.088 ± 0.013

0.039 ± 0.006
0.123 ± 0.008

0.058 ± 0.009
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Top Forward-backward Asymmetry at the Tevatron

  CDF definition (CDF collaboration `2011):

  Top forward-backward asymmetry: a measure of Parity-violation

     in the ttbar events 

  CDF results: in the ttbar rest frame, the top asymmetry is observed to increase 
with the ttbar rapidity difference, ∆y, and with the invariant mass Mttbar of the 
ttbar system. (CDF collaboration `2011)

SM predictions 
(NLO)
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  large top forward-backward asymmetry => large parity violation

  s-channel models (Axigluon models):  

• Parity is broken by asymmetry of left-chiral and right-chiral axigluon couplings

• Positive top asymmetry arises from the SM and new physics (NP) interference

  t- and u-channel models (W’,Z’, Diquark): 

• Parity is broken by initial states

• Positive asymmetry arises from either NP self-interference (W’ model) or the 
SM and NP interference

• Flavor bounds => left-chiral couplings need to be suppressed

  ... ... 
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Models on the Market
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 Question 1: What is the sensitivity of measuring ttAFB 

at the early LHC? (Also see JoAnne L. Hewett et. al. ‘2011)

 Question 2: Is it possible to distinguish the bechmark 

models at the early LHC at a significant level?

What are the Implications for the (Early) LHC?
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``A Polarized View of 
the Top Asymmetry’’

ArXiv: 1105.xxxx [hep-ph] 

In collaboration with 

S. Giddings (UCSB), D. Krohn (Harvard Univ.), 

J. Shelton (Yale Univ.) and L.T. Wang (Univ. of 

Chicago)  

What are the Implications for the (Early) LHC?
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  Early LHC (7TeV beam energy)

  Consider leptonically decaying ttbar events only. Analysis can be 
extended to semi-leptonically decaying ones 

  Introduce one set of leptonic observables, in addition to top charge 
asymmetry

  Shower + hadronization (impact is small, comparing with parton level 
results) and reconstruct the ttbar events. 

  Then we work in benchmark models and compare the NP results with the 
SM ones and among themselves also
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Strategies
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Leptonic Observables of Top Asymmetry

  Leptonic charge asymmetry (nice feature: uncorrelated with the parent Top)

  Top polarization (beam axis + helicity axis)

  Spin correlation I (beam axis + helicity axis)

  Spin correlation II (Stephen J. Parke et. al., ‘2010)

Select ttbar boost direction as 
the positive axis direction
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Benchmark Models and Used Cuts

  Selection cuts (CMS collaboration `2010)

  tt invariant mass cut: m_ttbar > 450 GeV  
  Rapidity cut: | y(t) + y(tbar) | > 2
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Cross Sections and Top Asymmetry
  Cross sections

  The numbers in the parenthesis are one sigma uncertainties 
on asymmetry measurement for cuts of different levels.

  5 fb^{-1} of data is assumed.
  Top asymmetry

The cross sections and top 
asymmetries are given in the 
following , with the cuts 
applied one by one

The Tevatron observations, if they are from physics, can be 
confirmed at the early LHC at a similar or even higher significant level
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Sensitivities of Leptonic observables 

Relatively small 
because leptons 
are anti-boosted 
in left-handed 
ttbar events
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Sensitivities of Leptonic observables 

Summary of  the 
sensitivities of the 
introduced observables 
(at the level of about or 
larger than 3 sigma)
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Conclusions

• The LHC, despite being a pp collider, is actually quite capable of shedding 
light on the ttbar AFB anomaly which has been observed at the Tevatron

• The top polarization and the ttbar spin correlation, are valuable tools in 
distinguishing between the various NP models proposed to explain the 
anomalous AFB.

• Using a realistic reconstruction procedure, along with a reasonable set of 
cuts, we show that a 7 TeV LHC is able to measure tt AFB and distinguish 
the NP models in as little as 5/fb of data at a ~ 3-sigma or higher 
significance level.

• How about the story at the Tevatron? -- The results are coming.
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