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Introduction 
	


(1) LHC discovered Higgs boson 1,2  
 

(2) ILC is expected to measure properties of Higgs boson very 
    precisely: mass, spin, CP and Gauge/Yukawa couplings. 
 
(3) ILC is also expected to measure properties of top-quark very 
      precisely: mass, the coupling to the Higgs boson 
      and gauge bosons. 
 
(4) Standard Model should provide the reference values of the 
     cross sections, branching ratios, etc. as much as precise 
     to explore the beyond SM.  
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ILC features : cleanliness 
■  Collision of two elementary particles 
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→ Theoretically clean  
      (less theoretical uncertainties) 
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Time scale and ILC Upgrade Options 
 

n  Assume an optimistic scenario: 
l  International agreement reached in 2~3 years 
l  Then, the real LC lab will be established 
l  Experiments will start ~10 years later from now 

u  250 GeV CM (Higgs factory) 
u  x4 luminosity @ 3E34/cm2s 
u  x2 Nbunch, x2 rep rate; 120 ⇾ 200 MW wall plug 

u  500 GeV CM 
u  x2 luminosity @3.6E34/cm2s 
u  x2 Nbunch; 160 ⇾ 200 MW wall plug 

u  1 TeV CM 
u  x1.4 luminosity @5E34/cm2s 
u  Aggressive beam params; 
u   Same wall plug power 



Bhabha and Radiative Bhabha scattering  
as key-processes in ILC 

 
n  When ILC pursues precise measurements 
with a few % errors, the luminosity 
measurement should be done with a few 
permill precision 

n  The luminosity measurements of ILC may be 
carried out based on the Bhabha scattering 
or the radiative Bhabha scattering 

n  Here we discuss full O(α) electroweak 
corrections to the radiative Bhabha process 
by means of GRACE, based on  

          P.H. Khiem et.al. 	
 arXiv:1403.6557 



Former studies on the radiative Bhabha 

n  Analytical expressions of tree level 
       K. Tobimatsu and M. Igarashi,     CPC	
 136(2001)	
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n  Available generators(examples) 
　　BHAGEN-1PH 
        M. Caffo and H. Czyz,	
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      κκMC  
　    A. Yost and B Ward,　 Conf.Proc.	
 C060726(2006)	
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n  Full QED corrections: 
       S. Actis et,al.           Phys.Lett.B682:419-427,2010 
 
 

 



GRACE : the generator of event generators 
 

n  Feynman rules based on SM and MSSM 
n  Any orders of Feynman diagrams can be generated 
automatically 
l  1-loop diagrams of SM and MSSM can be evaluated 
l  1-loop integrals up to 4-point functions are equipped 
l  1-loop integrals up to 6-point functions are evaluated 
  with the reduction method 
l  2-loop integrals up to 4-point functions are evaluated 
numerically 

n  GRACE is originally designed for e+e- collisions 
l  It produced grc4f event generators for LEP-II 
l  Several processes for ILC had been evaluated  
 



 0(α) corrections calculated by GRACE for ILC 
 

n  2 ➡ 2  
      e-e+ ➡　tt、W＋W-、ZZ    
                                                   G. Belanger et.al. Phys.Rept.	
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n  2 ➡ 3  
    e-e+ ➡　ννH        G. Belanger et.al. Phys.Lett.	
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    e-e+ ➡　ttH            G. Belanger et.al. Phys.Lett.	
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    e-e+ ➡　ZHH          F. Belanger et.al, Phys.Lett.	
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    e-e+ ➡   ννγ    
                       F. Boudjema et.al Nucl.Instrum.Meth.	
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     e-e+ ➡   ttγ 　           P.K. Khiem et.al, Eur.Phys.J.	
 C73(2013)	
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n  2 ➡ 4            
    e-e+ ➡   ννHH                      K. Kato et.al, PoS	
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GRACE scheme 
 

see J. Vermaseren’s talk	

effective optimization of the code	








 Check of calculations  (1) 
 

n  Test of the Cuv independence of the amplitudes 
 
 
 
 
   	
 
     



 Check of calculations (2) 
 

n  Gauge invariance of the amplitudes   	
 
     



 Check of calculations (3) 
 

n  Test of infrared finiteness   	
 
     



 Check of calculations (4) 
 

n  Test of kc stability  	
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Summary and Outlook 

n  According to an optimistic scenario, ILC is 
coming ~10 years later from now. 

n  The duty of ILC is the precise measurements.  
n  The role of the SM is provision of the 
reference values to explore the beyond SM. 

n  Here we discussed full O(α) electroweak 
corrections to the radiative Bhabha process 
by means of GRACE. 

n  We think full O(α2) electroweak corrections 
   should be accomplished at least for Bhabha    
   and top-quark pair production. 


