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 Fantastic first three years of LHC runs with plenty of data 
•    from the „rediscovery” of the SM 

•    to precise SM measurements 
•    culminated with the discovery of a Higgs ~ 125 GeV 

•    Nobel prize to Higgs and Englert 

Motivation  

A new era has begun 
•   already quite precise measurements of H properties          

•   great success of a weakly coupled SM  
•   but unlikely that the SM is the ultimate theory   
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Supersymmetry – theoretically and experimentally most studied    
proposition for the beyond SM physics 



So far the LHC results do not show any direct sign of supersymmetry!  

D.Teyssier 



But we should have expected it: LEP data, precision flavour data,  
gauge coupling unification were pointing in that direction  

Deviations from the SM Higgs couplings may be small 

Need high precision measurements: a new Linear Collider would  
be an ideal place for such measurements 
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Be ready for new discoveries and measurements at the LC 

Since LHC restrictions on charginos, neutralinos and 3rd generation  
sfermions are less restrictive, chances are that they might be  
within a reach of a LC  



  Chargino and neutralino sectors 

  Parameter determination from chargino production at LO 

  NLO corrections 

  Fit strategy and numerical results at NLO                                            

  Summary and outlook 

Outline  

see: Bharucha, JK, Moortgat-Pick, Rolbiecki, Weiglein     

Eur.Phys.J. C73 (2013) 2446 



Chargino and neutralino sectors 

chargino mass-eigenstates 

neutralino mass-eigenstates 



  production cross sections with polarized beams 
  masses of accessible charginos and neutralinos 
  fit  
  and predict masses of heavy charginos and neutralinos 

  AFB gives sensitivity to sneutrino mass  

Parameter determination from –inos at LO 

Strategy at tree-level  

Desch, JK, Moortgat-Pick, Nojiri, Polesello hep-ph/0312069 

Desch, JK, Moortgat-Pick, Rolbiecki, Stirling hep-ph/0607104 
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Desch, JK, Moortgat-Pick, Nojiri, Polesello hep-ph/0312069 

Recent analysis of the  higgsino scenario  see talk by H. Sert  

Berggren, Bruemmer, List, Moortgat-Pick, Robens, Rolbiecki, Sert 1307.3566 

Desch, JK, Moortgat-Pick, Rolbiecki, Stirling hep-ph/0607104 



Need for NLO corrections 

  SUSY loop corrections known to be sizable 

  Sensitivity to parameters arising via loops, e.g. stop sector 

  New effects at loop level, e.g. CP asymmetries  in production  

        of non-diagonal  chargino pairs     

  Expected experimental accuracies better than 1% 

           loop effects critical that theory meets experiment 

Fritzsche, Hollik hep-ph/0407095 
Oeller, Eberl, Majerotto hep-ph/0504109 
Kilian, Reuter, Robens hep-ph/0607127 
Robens, JK, Rolbiecki, Kilian,Reuter 0803.4161  

Osland, Vereshagin 0704.2165 
Rolbiecki, JK 0709.2994 

see also S.Heinemeyer’s talk 



Loop corrections  

calculated using FeynArts, FormCalc, LoopTools  

Loops 

Counter-terms 

.... 

, e.g. 

see Bharucha, Fowler, Moortgat-Pick, Weiglein 1211.3134 



Parameter renormalization 

  the mass matrix in the chargino sector is renormalized as  

  more physical masses than independent parameters 

where 

  in the similar manner the mass matrix for neutralinos 
               which contains  

fix                                  from three physical masses 

             renormalized in DRbar scheme  



on-shell conditions 

we use                                on-shell mass conditions  (NCC)  

heavier neutralino masses get loop corrections  



Fit strategy 

  As input for the fit take: 

  Perform a multi-dimensional fit using Minuit  



LHC compatible scenario 

•  light stops, other squarks and gluino heavy 
•  large stop mixing to get the Higgs mass 125 GeV 
•  light sleptons  (accesible at both LHC and LC) 
•  gaugino-higgsino mixture and relatively heavy A0  
       to satisfy relic density,  



Numerical results 
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Numerical results 

with                              constraints   



  Tree-level parameter determination possible to              at a LC from 
        chargino/neutralino production  

   Full NLO calculation of chargino production at a LC 

   Extract parameters  
            at NLO from polarized cross-sections, FB asymmetries and masses 

   Sensitivity to larger set of parameters, in particular stop sector 
   Crucial role played by mass measurements from threshold scans 

   Improved sensitivity from including                                      in the fit 
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O (1%) 

  investigate sensitivity to CP phases, e.g. 

  include other observables, e.g. A12 ,  

Summary: 

Outlook: 



Backups 





Impact of mass measurements on fit results 



slide borrowed from A.Bharucha 


