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Find the magnitudes of all |Uax
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Find the magnitudes of all |Uax

Solving the equations
UaP=1 -(U P+[U,?) =002
U P=1 -(U P+[U,P) =034
U P=1 -(U+[U,*) = 0.18
U, =1 -(U,F+[U ) = 0.18
U, =1 -(U,P+[UP) = 0.64
U, =1 -(U, P+[U,P) =0.64
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Show that the area of the triangle 1s

not zero and find its value
a=U,U",|=0.339

U,V 6N2 c /‘\b b=[U,U",|=0.335
. . ¢c=|U,U",|=0.099

We use the heron's formula
A= (s *(s-a) * (s-b) * (s-¢))"> where s=(at+b +c)/2=0.3865,

THEN

A, =0.016
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Show that the CP-violating difference 1s
+32 - |A | - sIn Az, - sin Ay - sin Ay

A =Pv,—v,) = 4[|U Ul sin*As HU ,U,[*sin*Ay +2[|sinA;sinA,  c08(A3,+85,)]
B = P(;u—nTe) = 4[|U 3U*sin*Ay HU U, *sin®A, +2|[sinAg sinA,  c08(A;5-65,)]
A-B=+£8" |Uu3Ue3*| U U *| - sin Az - sin Ay - [cos(A;; + 85,) - cos(As, - 653,)]

To find the CP-violating difference, we need to first find |A |...

*In the relations above, A; = Am;*L/4E and 35, = arg(U ;U *U ,*U,,)
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Unitarity Triangle

Uu3Ue3 *

In polar form:

Uutez* - |U},L2U62*|. exp{i.- arg(Uutez*)} '

_Uu2U62* - |_Uu2Ue2*|.eXp{1 ) arg(_Up2Ue2*)} - |U],L2U62*| ) GXp{l ) [TE + arg(U;,QUeZ*)]}

Uu3Ue3* - |Uu3Ue3*|-exp{1 ' arg(Uu3Ue3*)}

The angle 0 is then:

0= arg(-U 2U 2*) _ arg(U 3U 3*) |z| = |-z|, arg(-z) = © +arg(z), arg(z*) = -arg(z), |2*| = [z, [zw| = |wz|
u2>-e u3e

6 =n+arg(U,U,*) —arg(U ,;U;%)

0=mn- arg(Ueruz*) - arg(Uu3Ue3*) —T- arg(Uu3Ue3*) - arg(Uuz*Uez)

0=m- arg(Uu3Ue3*Uu2*Ue2)

0=m-9;,



Unitarity Triangle

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

[Ju3[JeS*

[Jullje1>!<

|Alie| - 1/2 |UM3U33*| ' |-UH2UG2*| ' |Sin (TE - 832)| cos(at+b)—cos(a-b)=-2-sina-sinb
=" |U;,L3Ue3*| . |'Uu2Uez*|  $In 03,

The CP violating difference is then

A-B==£8" |Uu3Ue3*| ' |Uu2Ue2*| +sin Az - sin Ay - [CoS(A;; + 03,) - COS(A;; - 05,)]
=+16 - [UUgs*| - [UpUgyn* - sin Ay, - sin Ay, - sin Ay, - sin 65,

=432 - [A | - sin Az - sin Ay, - sin Ay,

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

Using the numbers given in (a), |A,.| 1s nonzero, suggesting CP violation.
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