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Aufgabe 1 (10 Punkte):

a) (2 Punkte)  Starting from the standard convention for the CKM matrix find a new phase
convention in which 5 CKM elements are exactly real and positive. Keep Vyq, Vus, Ven, Vo
as they are and choose one of the remaining elements to be real. For which CKM elements is
this possible?

b) (2 Punkte) In the Wolfenstein approximation one has Vi, = |Vip| exp(—ivy) and Vg =
|Vid| exp(—iB3), while all other CKM elements are real. Rephase Vj; (Eq. (14) of the lecture)
in order to express V such that the only non-zero phases are

i) a and S
ii) a and 7.

c¢) (3 Punkte) Show explicitly that the three angles «, § and ~ of the unitarity triangle
(defined in Eq. (21) of the lecture) are independent of the phase convention of V.

d) (3 Punkte)  Two sides of the unitarity triangle are

Ry = Vp*+ 1, Ry = V(1 =p)*+ 72,

and the angles v and § are given by

v = arctanz , 8 = arctan
p 1

Express
e R, and f in terms of R, and ~,
e R, and R; in terms of 5 and =,
e «, f and 7 in terms of R, and R;.

Hint: This can be either solved with secondary school geometry or with Eq. (27) of the lecture.

Aufgabe 2 (10 Punkte): Jarlskog invariant For i # k and j # [ consider

3
J =ogoplm [ViViViaVis]  with o =) €ipm .-
m=1
a) (3 Punkte) Show that J is independent of the phase convention of V.
b) (3 Punkte) Show that J is independent of ¢, k, j, [.
c) (4 Punkte) Express J in terms of the (improved) Wolfenstein parameters A, A, p and 7.



