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Ⅰ. Introduction 



 Introduction 

 LHC Era  (Probing TeV Scale Physics） 

–  Confirmations of the Standard Model  

 Rediscover the standard particles 

 Discover Higgs particle 

 

–  Search for  the physics beyond the Standard 

Model 
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 Introduction 

 Probing the beyond the SM @ Collider   
New Physics searches  

Direct Search Indirect Search 

 Direct detections of  

                   New particles 

 → Clean signals  

                 from the BSM 

    ← No signals  

      

Measurement of   

  deviations from the SM    

  ‐u,d,s,c 

  Very precise measurements 

     →No anomaly 

 - b, t (Teva＋LHC) 

Precise measurements 

    → No anomaly? 
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 Introduction 

Aim of this work 

 Top pair production process       
– Experimental results consistent with  the SM 

predictions within the errors 
 

 → Nonstandard effects are small at the current  

          colliding energy  
    

    → Constraints on the nonstandard top 

                  couplings are strengthened 
 

          Z. Hioki, and KO,  PRD88 (2013) 017503  
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Ⅱ．Framework 



 Framework 

 Indirect searches 

–Measurements the deviation from the SM 

prediction induced by new heavy particles 

 

   

 

+ 

+ + 
SM 

BSM 

+ 

Origin of the deviation 
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 Framework 

  Effective Lagrangian 
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BSM No Specific  
   new particle 
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cf. Fermi interaction  

 Framework  Ⅰ  Ⅱ   Ⅲ   Ⅳ 

  Consist of only the SM particles 

 SU(3)×SU(2)×U(1) invariant 
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JHEP10(2010)085 
 



 Framework 

  Effective Lagrangian（１） 
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Top pair production ( top – gluon interaction） 

(CEDM)  (CMDM) 
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 Framework 

 Production processes at Hadron Colliders  
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Tev. > LHC Tev. < LHC 

 including effects of  : 

Memo 
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Ⅲ．Analyses 
 and 

 Results 



 Analyses and results 

 Data  (based on HCP2012) 

–Experimental results 

Teva _comb.   :  

LHC 7_comb  : 

ATLAS 8        ： 

CMS 8            ： 

–Theoretical values 

  Teva              : 

  LHC 7           : 

  LHC 8           : 
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 Analyses and results 

Experimental values VS Theoretical values 
  － Effective experimental vales 
              (including theoretical errors) 
 
 
 
 
 
 
 

－ Theoretical value 
 

  

 Ⅰ  Ⅱ   Ⅲ   Ⅳ 

The constraint on             are derived 

 from comparing         with        .  
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 Analyses and results 

 Total Cross section（top-pair production） 
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+ 

2 

+ 

+ + 

: PDF [ CTEQ 66M] 

Memo 

2 
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 Analyses and results 

Results  
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Teva_comb LHC7_comb 

CMS 8 ATLAS 8 
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 Analyses and results 

Teva + LHC7  
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 Analyses and results 

Teva + LHC7 + ATLAS 8 + CMS 8  
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 Analyses and results 

Teva + LHC7 + ATLAS 8 + CMS 8  
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Ⅳ Discussion 
 and 

 Summary 



 Discussion(１) 
–  LHC14 data (Virtual data Analysis) 
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5% error 

Theoretical value(NNLO) 
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– The allowed area could   

    get almost quarter size, 

    if the 5% level error  

    were possible. 
 



 Discussion(2) 
–CMDM 

 

 

   

  → 

 

–CEDM 

 

  → 

 

More than 

 More than 
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 Discussion and Summary 

 Summary 

–Focusing on the top-pair production 

    General extension of top-gluon interaction 

    was probed based on the Effective Lagrangian. 

– Constraints on       and   

 Chromo-Magnetic-Dipole-Moment 

› relatively-stronger constraint is given. 

›        is negative? 

 Ⅰ  Ⅱ   Ⅲ   Ⅳ 

Constraints on nonstandard top-gluon couplings from the Tevatron, LHC7 and LHC8   22 / 23 



 Discussion and Summary 

 Chromo-Electric-Dipole-Moment 

› much stronger constraint is not given. 

›        induce CP-violation  ← Asymmetry？ 

– Future 

 14 TeV LHC might give much stronger 

constraints on        and       .   

 

 

                                                      Thanks!   
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Backup  



   CMDM and CEDM in the SM 

 CMDM 

– generated at one-loop level as both QCD 

corrections  and EW corrections  in the SM. 

 QCD corrections were taken into account 

in our analysis. 

 EW corrections  : O(10-4)    

    ← Careful handling might be needed for  

          LHC14.   
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   CMDM and CEDM in the SM 

CEDM 

–  only arise at three-loop level through CP-

violating electroweak interactions  in the SM. 

  ← Safely neglectable. 
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