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Show that the CP-violating difference is 
±32 ! |Aµe| ! sin !31 ! sin !21 ! sin !32 

A = P("µ#"e) = 4[|Uµ3Ue3|2sin2!31+|Uµ2Ue2|2sin2!21+2||sin!31sin!21cos(!32+$32)] 

B = P("µ#"e) = 4[|Uµ3Ue3|2sin2!31+|Uµ2Ue2|2sin2!21+2||sin!31sin!21cos(!32-$32)] 

A – B = ±8 ! |Uµ3Ue3*| ! |Uµ2Ue2*| ! sin !31 ! sin !21 ! [cos(!32 + $32) - cos(!32 - $32)] 

To find the CP-violating difference, we need to first find |Aµe|… 

         _     _ 

*In the relations above, !ij = !mij
2L/4E and $32 = arg(Uµ3Ue3*Uµ2*Ue2)   
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Uµ1Ue1* 

Uµ2Ue2* 

Uµ3Ue3* 

Unitarity Triangle 

In polar form: 
 Uµ2Ue2* = |Uµ2Ue2*|! exp{i ! arg(Uµ2Ue2*)} 
-Uµ2Ue2* = |-Uµ2Ue2*|!exp{i ! arg(-Uµ2Ue2*)} = |Uµ2Ue2*| ! exp{i ! [! + arg(Uµ2Ue2*)]} 
 Uµ3Ue3* = |Uµ3Ue3*|!exp{i ! arg(Uµ3Ue3*)} 
The angle ! is then: 
" = arg(-Uµ2Ue2*) - arg(Uµ3Ue3*) 
" = ! + arg(Uµ2Ue2*) – arg(Uµ3Ue3*) 
" = ! - arg(Ue2Uµ2*) - arg(Uµ3Ue3*) = ! - arg(Uµ3Ue3*) - arg(Uµ2*Ue2) 
" = ! - arg(Uµ3Ue3*Uµ2*Ue2) 
" = ! - #32 

" 

-Uµ2Ue2* 

" same area 

|z| = |-z|, arg(-z) = ! +arg(z), arg(z*) = -arg(z), |z*| = |z|, |zw| = |wz| 



Uµ3Ue3* 

-Uµ2Ue2* 

Uµ1Ue1* 

Unitarity Triangle 

! 

|Aµe| = " |Uµ3Ue3*| ! |-Uµ2Ue2*| ! |sin (# - $32)| 
  = " |Uµ3Ue3*| ! |-Uµ2Ue2*| ! sin $32 

The CP violating difference is then 

A – B = ±8 ! |Uµ3Ue3*| ! |Uµ2Ue2*| ! sin %31 ! sin %21 ! [cos(%32 + $32) - cos(%32 - $32)] 
   = ±16 ! |Uµ3Ue3*| ! |Uµ2Ue2*| ! sin %31 ! sin %21 ! sin %32 ! sin $32 
   = ±32 ! |Aµe| ! sin %31 ! sin %21 ! sin %32, 

where the sign of this quantity depends on which of the oscillations is more likely. 

Using the numbers given in (a), |Aµe| is nonzero, suggesting CP violation. 

Now that we have the side lengths and angle 
!, we get the area of the unitarity triangle as…  

cos(a + b) – cos(a - b) = -2 ! sin a ! sin b  


