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• Many basic top quark properties have been explored at the Tevatron:

 - total cross section

 - mass

 - spin correlations, W-helicity fractions

 - FB asymmetry

 - electric charge

 - single top, |Vtb| 

• Quickly confirmed and superseded by ATLAS and CMS during run-I

   Two examples:

    - spin correlations

    - electric charge 

• LHCb: First observation in the forward-region from run-I data
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Top quark properties

“Stairway to heaven?”

• In this talk, I want to focus on what can be achieved during run-II and beyond

• Most prominent property measurements (mtop, asymmetry, spin correlations,...) 
    are topics of dedicated talks. I will discuss the rest.
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Top quark properties

[Davidson,Mangano,Perries,Sordini] (2015)

• Exploit huge ttbar cross section to search for rare or flavor-violating top decays

[Snowmass Top Quark Working group] (2013)

[Durieux,Maltoni,Zhang] (2015)
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• Flavor-violating top couplings also induce new single-top processes

[Durieux,Maltoni,Zhang] (2015)
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Top quark properties

• Flavor-violating top couplings also induce new single-top processes

[Durieux,Maltoni,Zhang] (2015)

Global analysis at NLO QCD: 
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• Single top quark production in the SM yields sensitivity to |Vtb|²
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Top quark properties

• Single top quark production in the SM yields sensitivity to |Vtb|²

•  Fully-differential NNLO QCD predictions are available

     → Lessons:  - small NNLO correction for incl. cross section is accidental
                        - large cancellations among different partonic channels
                        - NxLL dressing of LO contributions is dangerous

[CMS,JHEP06(2014)090]

[ATLAS,PRD90,112006 (2014)]

[Brucherseifer,Caola,Melnikov] (2014)

•  Vtb extraction relies on normalization measurement  (currently NLO)
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• Top quark pair production yields sensitivity to chromo-magnetic/electric 
                                                                             dipole moments

complex couplingchromo-EDM violate CP:
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Top quark properties

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

complex couplingchromo-EDM violate CP:

[Martinez,Perez,Poveda] (2007)

• In the SM, dipole moments are generated radiatively 

chromo-MDM:

chromo-EDM:

[Shabalin,Khriplovich,Czarnecki,Krause]
 (1980-90)
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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

[Rindani,Sharma,Thoma] 2015

[Franzosi,Zhang] 2015

[Aguilar-Saavedra,Fuks,Mangano] 2014
+many others



  

Top quark properties

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

complex couplingchromo-EDM violate CP:

• All these measurements significantly benefit from high precision

   theory predictions, in particular the NNLO QCD  
[Bärnreuther,Czakon,Fiedler,Heymes,Mitov] 2013

[Czakon,Mitov,Papucci,Ruderman,Weiler] 2014
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Top quark properties

• Top quarks in association with electroweak gauge bosons or the Higgs

single top + Z:  NLO QCD
[Campbell,Ellis,Rontsch] (2014)

→ possibility to study top-Z interactions 
    and interplay with WWZ

→ direct sensitivity top quark electroweak interactions
   (almost unconstrained from Tevatron experiments)

[Fael,Gehrmann] (2013)
single top + γ:  LO QCD
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Top quark properties

single top + H:
NLO QCD 

[Biswas,Gabrielli,Mele] (2012),
[Farina,Grojean,Maltoni,Salvioni,Thamm] (2012),
[Campbell,Ellis,Rontsch] (2014),
[Demartin,Maltoni,Mawatari,Zaro] (2015)

• ttb+H cannot resolve the sign of yt

• t+qH anomalous cross section grows large
 8/16
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[ATLAS, Phys. Rev. D 91, 072007 (2015)][CMS, EPJ C74 (2014) 3060]

ttbar + Z / photon:  • relatively large cross sections

• direct sensitivity to electroweak couplings 
                                  + weak dipole moments

• cross sections increase by ~ factor 10 for 7 → 13 TeV
 9/16
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Top quark properties

[Röntsch, M.S.] (2014,2015)ttbar + Z → 3-lepton + bb jj + ET,miss at NLO QCD:

modifies strength 
of SM couplings introduces anomalous

weak magn. and electric
     dipole moments

[Baur,Juste,Orr,Rainwater] (2004)

• Early studies show that  “...residual scale 
uncertainty is biggest limiting factor in 
these studies”
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LHC 13 TeV (shape+normalization)
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Constraints on effective operators
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Top quark properties

[Röntsch, M.S.] (to appear)ttbar + γ → lepton + bb jj + ET,miss at NLO QCD:

NEW:  electric and magnetic top dipole moments

• Interesting aspect: 

      Photon can also be radiated in top decay stage 

      → interplay between t-tb-γ and W-t-b interactions

anomalous prod. + SM top decay anomalous prod. + anomalous decay

• Radiative (anomalous) top decays have non-negligible impact on limits:
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ttbar + W:

[Maltoni,Mangano,Tsinikos,Zaro] (2014)

• No sensitivity to 
top couplings, but
charge asymmetry:

[Mangano,Plehn,Reimitz,Schell,Shao] (2015)

[Melnikov,Scharf,M.S.] (2010)

cross section ratios: 

• Many uncertainties   
   cancel in the ratio
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Top quark properties



  
[Aguilar-Saavedra]
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Top quark properties

[Durieux,Maltoni,Zhang]

• Combination of several processes allows for a global analysis



  

[Brod,Greljo,Stamou,Uttayarat]

• Beyond the LHC: Probing anomalous top interactions with rare meson decays

Top quark properties

[Martinez, Rodriguez] (2001)
[Prospelov,Ritz] (2005)
[Kamenik,Papucci,Weiler] (2011)
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Neutron EDM:



  

Top quark properties: SUMMARY

• Run-II will allow us fully exploit SM ttbar production

  → rare top quark decays

  → anomalous QCD interactions (chromo magn./electr. dipole moments)

• Single top quark production will become a standard-candle process

   → |Vtb|, W-t-b, flavor-violating interaction

• Associated production will allow us to directly probe top electroweak 

   interactions and explore the top quark's role in the mechanism of 

   electroweak symmetry breaking

• Theory is in good shape. We have robust and precise frameworks

• Technological development for high precision phenomenology will 

   continue and make significant differences in the interpretation of data
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