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Beginning of a new era in top quark physics

• The LHC is not only a top quark factory, it is opening the door to 

    a whole new process class:            ,            ,               ,    

    that was never observed at the Tevatron.
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Beginning of a new era in top quark physics

• The LHC is not only a top quark factory, it is opening the door to 

    a whole new process class:            ,            ,               ,    

    that was never observed at the Tevatron.

13 TeV             now                300 fb-1

   33 Mio.           250 Mio.

   100.000           900.000

   40.000             300.000
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• For comparison: 
  Tevatron produced  84.000 
                        and         400

• Already now we have as many 
                  (LHC)  as       (Tevatron)



  

Top quark anatomy

Features: 

• Very complex final state (up to 8 particles, reconstr. ambiguities)

• Clean signature & small backgrounds

• Direct sensitivity to weak top quark interactions 

• Delicate ISR/FSR features in 

• Asymmetries (forward-backward/charge)

• Interplay with B-physics
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Top quark anatomy
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Decay

Sensitivity to 
weak current
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Associated production:

Sensitivity to neutral couplings

Top quark anatomy
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Top quark anatomy

• There are (at least) 28 anomalous operators affecting production & decay dynamics

• A global (28-dimensional) approach is impossible

• This completely obscures access to       interactions 

→  Is there a way to simplify the analysis without diminishing the physics modeling? 
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Top quark anatomy

• There are (at least) 28 anomalous operators affecting production & decay dynamics

• A global (28-dimensional) approach is impossible

• This completely obscures access to       interactions 

→  Is there a way to simplify the analysis without diminishing the physics modeling? 

• One attempt:  Sequential approach

 1)  Expose common features of             and ttbar, single-top and di-jets.

 2)  If standard candles anomaly-free then tackle              under this assumption.

       6/17
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[2016]

→ Anomalous QCD better tested in multi-jet 
      production than in top quark physics.
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[2017]
[2016]

[2016]
“[…] the four-top process, 
with only a O(10) upper 
bound, is as powerful as tt 
measurements with a 
percentage error.”
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Decay

Sensitivity to 
weak current

Top quark anatomy

[2015]
[2015]

• Often reduction of sensitivity in:                      because
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Decay

Sensitivity to 
weak current

Top quark anatomy

 → Study single-top where cancellation doesn't happen
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[2011]

[2016]



  

Associated production

Top quark anatomy

• Careful investigation of standard candles:  di-jet, ttbar, single-top, (4 tops),

   allows to restrict the number of anomalous terms and opens the case for 

   coupling studies in             processes.

   Essentially 4 operators left: 

• Remaining         contact terms can be neglected (in a first step) because 

   they drop out when integrating over Z-peak (effectively dimension-8).
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Top quark electroweak couplings

•  Anomalous couplings can enter in various production and decay stages

•  SU(2)xU(1) symmetry relates the left-handed couplings
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•  Anomalous couplings can enter in various production and decay stages

•  SU(2)xU(1) symmetry relates the left-handed couplings

• Weak dipole couplings arise radiatively in the SM 
   and they are small.

[Hollik,Jose,Rigolin,Schappacher,Stöckinger]
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[2005]

Associated production: ttbar+Z/γ

First pioneering studies:
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NLO differential distributions
    to constrain couplings:

[2015]

[2016]

Associated production: ttbar+Z/γ

[2015]
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[2016]

Associated production: ttbar+Z/γ

Cross section ratios  to boost sensitivity:
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Include all correlations:
             (at LO)



  

Associated production: ttbar+γ

• Feature:             introduces additional radiative decays

• Dominant decay contribution does not arise from collinearly enhanced photons!

A) γ emission before top goes on-shell B) γ emission after top goes on-shell

• More than half of the total cross section from contribution B) 
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Associated production: ttbar+γ

In contrast            has a non-zero asymmetry already one order lower

 (+6% shift from LO → NLO can be understood and is generic)

• Asymmetry in            is strongly dependent on various dynamics:
  - gg vs. qqbar production
  - photon emission in production vs. decay
  - anomalous couplings

• Feature:             has a large asymmetry
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[Melnikov,Schulze, 2010]

[2014]



  

Associated production: ttbar+W

Note: ttb+W no gluon-induced channel. W does not couple to top quark line

[2014]
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Cross talk with Flavor-physics
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• Constraint on dipole moments from 

• Constraint on       vec./axial couplings from 



  

Thank you for your attention!



  

[Aguilar-Saavedra,Castro,Onofre]

• SM
• SM
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NLO QCD tt+γ at the 14 TeV LHC

Smooth-cone photon isolation [Frixione]

More than 500 events with pTγ>100 GeV from 100 fb-1

12/30



  

Current Qt determination

→ Exotic top quark charge is excluded at 8+ sigma

→ No sensitivity to EDM and MDM from these experiments

1) Identify W-boson charge through lepton charge

2) Pair W-boson with correct b-jet

3) Measure b-jet charge
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Sensitivity to Qt at the LHC

→  Compare SM vs. Exotic (Qt=-4/3) hypotheses

• Naive expectation of       scaling fails:
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Sensitivity to Qt at the LHC

• Apply cuts to suppress radiative top quark decays
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Sensitivity to Qt at the LHC

• Apply cuts to suppress radiative top quark decays

→  Significantly stronger separation power:

 

     
    But total cross section is reduced by x5.
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Sensitivity to Qt from cross section ratios

• Normalizing to ttbar cross section cancels many systematics

    (e.g. αs , pdfs, luminosity..)

• Some kinematic distributions show good shape sensitivity
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+5%

+6%

+6%

+5%



  



  



  



  

Top quark properties

• Top quark pair production yields sensitivity to chromo-magnetic/electric 
                                                                             dipole moments

complex couplingchromo-EDM violate CP:

• Beyond the SM, dipole moment couplings can arise already at tree level
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